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CHAP. 1, 


The deſcription, the making, and the eenerall aſe of 
the Seftor: 


ZP Sedor in Geometrie, is a figare com- 
| prehended of cwo right lines contain- 
ing an angleat the center , ard of che 
WH circumference aſſumed by them, This 
Geometrical inflrument having ewo legs 
Sr containing all variety of angles , an4 
the diſtance of the feet, repreſenting the ſubtenſes of che 
circumference, is therefore called by the ſame name. 

Ic containech '12 {everall lines or ſcales,of which 7 are 
generall, the other 5 more particular. The firſt is the ſcale 
of Lines divided intoa 100 equal! parts,and numbred by 
T+2:3-4-5-6.7:8:9.T0» Ot 
:*\ Theſecond, the lines of 'Syperficier divided into 100 

Tok B unequall 


2 The deſeription of the limes. 
unequal parts, and numbred by 1.2.3.4 5. 6. 7. $. 9. 


IO. | 
3- Thethird, the lines of Sojjdr, divided into 1000 unc- 
guall paits, and numbredÞ wth > 5 Fs 
4+ The fourth, the lines of Sine and Ebords divided into 
90 degreeand numbreg with 10. 20-313. upto 90. 
Theſefoure, lines of Liner, of Superficies, of Solids, and 
of Sines,are all drawne from the center ofthe SeFor al- 
moſt tothe end of the lege. They are drawn on both the 
legs, thatevery line may have his fdſow. All of them are 
gne length, that they may anſwer one tothe other. 
And every one hath his parallels, that the eye may the 
better diſtinguiſh the diyifjong. But of theiparallels thoſe 
only which are inward moſt contain the true divifions. 
Theie are threg other generall lines, which becauſe 
they areinfinite gre hs on the fide ofthe SeQor. 
5. Thefirft a line of Tangents niibred wich 10.20.30.40.50. 
60. ſignifying ſo many degrees from the beginning of 
the line,of which 45, arg cquall tothe whole line of Sine, 
the reſt follow as the length of the Se&or will bear. 
6. The ſecond, a lineot Secents, divided by pricks jnto 
6o degrees, is che ſame with that ofthe line of Tangent: 
to which ic is Joyned. 
7. Thetbird is the meridian line, or line of Rambs divi- 
ded unequally into degrees,of which the firſt 50 are al- 
moft equal] ro the whole line of Sizes, the reft follow un- 
co 85 according tothe length of che . ; 
Ot the particular lines inſerted among the general,be- 
cauſe there was void (pace. 
8. The fiſt are the linea of Quadrazare placed betweene 
the lines of Sinesy and noted with 10. 9. 8.7. S. 6. 5. 
o. ©. 
9. Tho ſecond,the lines of Segments placed between the 
lines of Sizes and Saperficies divided into 50 parts, and 
- numbred with 5.6.7.8.9.10. 
10. Thethird, the lines of Inſcribed: bodies in" the fame 
Spbere.plaeed berweep theſcales af Lines, and noted with 
DSA1COT, 11.The 


The making of the Sedtey, 3 
11,Thefourth,the lines of Equated bedier,p!aced between 
the lines of Liner and Solidr,and noted wich D.1.6.5.0.T. 
x2. The fife, are the lines of Aetall;, inferted with the 
lines of Equated bodies, (there being room ſufficient) and 
noted with the CharaGters ©. ZF. y. 2. 4.y. 

Thereremaine the edges of the Se&or, and on the one 
Fhavefera line of Inches , which are the twelfch parts of 
a foot Engliſh: on the other a lefler line of Tangerits to 
which the Gromon is Radime. 


2 Oftbe weking of the Setter. 


| B- Riyler be ficſt made either of brafſe or of wood, 
—like anto the former figure, which may open and 

ſhut upon his center. The head of ic may be about the 

ewelfch part ofthe whole length, that. ic may bear the 
moveable foot; arid yet the moft part of che divifiong 

may fall wichout it» Then let a moveable Gromor be ſoc 

#the end of the moveable foot, and there curn upon ari 

Axia, fo avit taay ſometime ftand at a! righe angle with 

the feety arid forrerimes beincloſed within the feet, Buc 

this is well known to the worktuar:. | 

For drewingof the lines. _ the center of che SeFor, 

and femidiameter ſomewhatſhorterthen one of che feet, 

drav art ocuh ark of a circle; crofling che cloſure of the 

inwt'd edge,of the Se#% about che letter T. . 
- "Irie ark avoncdegrecon cither fie from the edge, 

drow tiptit Hneefrom the Center frthiig them wich Para!- 

Ith;a64 dividether into an handred equall parts, with 
ſabdiviHfiont inzos. 5: or 10.22 the Fine will beare, bus Ter 
thenurmibirsfereochem, be uy 1.9, 3-4; &c:unto 10.48 

if the exatiples Theſe Hick fodivided; Fall the linesor 

ſeakes of LinerzutiOrhey are the ground of al the reft. 
--I# ffs Arke at 5 depteenoticeither fide, from the edge 
ned? Redreworker right lines fromthe Ceriter, and fie 
them with Parallels. Theſe hall ſerve for che lines of 


Std; 
B2 Then 


bY 


The deſcription of the lines. 
Then on the other (ide of the SeGor in like manrer,up- 
on the Center ard <quall Semidiameter, draw another 
like Arke of acircle: and here again at one degree neer 
on either fide from the edge neer the letter © draw right 
lines from the center, and-ficthem with parallels. Theſe 
{hall ſerve for the lines of S7zes. | 
At 5 Degrees on either fide fromthe edge neer 2draw 
other right lines from the center , and fic them with pa» 
rallels:theſe ſhall ſerve for the lines of Swperficies. 

Theſe foure principall lines being drawn, and fitted 
with parallels, we may draw Qther lines in the middle 
berween the edges and thelines of Lines, which ſhall 
ſerve for the lines of inſcribed bodies, and others between 
the edges and the Sines for the lines of quagdratzre. And fo 
the rell as inthe example. 


3 To divide the lines of Supetficics. 


Cine the Syperfic:es do hold in the proportion of 
J .heir homelogal fides duplecated.by the 29. Pro:6. lib; 
Exc1id: If you fhall find meane proportionals between'the 
whole {:de,and each hundred part of .thelike fide, by the 
13 Pro:6 lib:Ewclid:all of them cucting the ſame linegthat 
line fo cut ſhall cantaip the diviſions required;wherefore 
upon the center A,and ſemidiameter equal tothe line of 

ines,deſcribea Semicircle AC BD, with 4 B perpendi- 
cularto thediameter CD. And let the ſemidiameter AD 
be divided as theline of Lizes intoan bundred parts, A. 
E the one half of AC divided alſo into an hundred paris 
ſo ſhall the divifions in AE bethe centers from whence 
you ſball deſcribe .che Hemjierotes ra C 20, $30 Kee 
dividing 1belineA Birtgoan hundred wnequall, paree:: 
and this line; $ſodivided (ball becheline of 8 0 rf 
and muft betransferred intothe Sefor. Bur let thenumb- 
ers (ct tothembe only 1. 1.2.3. unto 10-28 in the ox» 


The deſcription of the lines. 
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Or theſe lines of Syperficzes may otherwiſe b» cransfer-- 
red into the Sefor, out of the line of Lines, by a table of 
ſquare roots : For the rcot taken out of che line of L;z:e x 
ſhaſl give the ſquare in the lines of Szpe fictes. 

As,co inſcribe the divifion of 25 inchelines of Sype: fi- 
cieszput fix ciphers co25 and make it 250000co then find 
the (q: root of this number,wh.ich will be 5000. 

Take therefore 5600, our of the line of Lzzes (ſuppo- 
fing the wholeline to be 10000) ard it will give the true 
diſtance between the cei.ter, and the points of 25: inthe 
lines of Superficies. 

So, for the diviſion of 30, put to 6 ciphers and makeit 
30000000, whoſe ſq: root is 5477- This (reken out of 
the line of Lines ſhall give the place forthe points of 3o, 
in the lines of Szperficies. And thelike reaſon bolderh tor 
all che reſt,according to this following Table. 


If any pleaſe to make uſe of a Diagonal Scale, cquallto 
the line of Lines, be may put viijciphers ro the number 
propoſed, and make the Fable of Roots to v. place? So, 
bis work will be more exa&. 


A Table of Square roots for the ditiſion of the 
Lines of Superficies. 


— 


| A Tebleof Square Roots fob diviſion af theline of Swpevficiee. 


$7; Root. Sq. Rove. 159. Root. -|Sq.j Root. ' $4. Root. S7. Rove. $4: ; ; Rove © 
- bike [1513573391477 4515728 6017745 75 no 90 [9487 
Tor] [3937] 15523 18745, 17778) (8689 [9513 
I|co000 16,4902,31/5568 46 6782) 61 7310 76 8718 91 [9539 
1225| [4952 [5612 6819] (7842 ($746 9565 
211414117 4123/32]5657 47|6856;62 7874 7718775 92 |9592 
= 1581] _ [4183 [5701 _ 6892 (7.996 _|8893 _ [9618 
3'1732.118 4243 33j $7444 692853" 7937 78 mw 93 [9644 
| 117 5] [4304] 15785 6964] 17959 js 9670 
4!:000 19 4359134531 49]7030, * 8500/79 $586 94 [9695 
2121] [4416] [5874 [7036] \8031] 8916, [9721 
512236 20 4472 355916 507071165 ;8062j30 308944. 95 19747 
2345] 4528 [5558 7106] $993 8973, 9772 
6/2449 21 4582 36 6999 51/7 141/66 124|$1}9000, 96 | 9798 
2559) '4637 6042} 7176} [8155] [9028] [9823 
; 7126.46 22 4690137 6083/52]72111671$185182,9955 | 97 | 9849 
_ [2739/. 4798]>. [6129] 17246) 8226] _ [9083] _ [9874 
$[2828;23 KPA 38 6164/5317 280|68 $246|83\9110' 98 | 9399 
2915 45} 62 7314} [3276] {gl38} | 9925 
913000/24 4899 39 6245 54/734 |69j8307}84 9165] 99 | 9950 
3082] 4950] [6285] [7393] [8337 (9192 9975 
10/3162.25 5900149 6325155174117 9,836718. pas 100! L0000 
3240, 5050 6364] 17450] [18396] [92 
1113317, 26 5099 9119493 59174837 1/8426/86, 274 
[339 JT 6442] [7517] .. 18555]... 19300} . 
12/3.164, 27 5196142 6481 971755074 485185 9327 
3536] _ 15244 519] _ 17883] _18515| _ 19354 
1336061281529 1143/6557|58|7616[73 $544188, 9381 
| 3674 15338] [6595 b_ [$573 9407 
1437421295385 [4466331597 681174 $602/89 [9434 
3808] [5431 (6671 [7744 8631] . 19460 
153873 3015477 45 6708'60\7746 7518650 99] 9487 
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4» To divide the lines of Solids. 


"Eing like Solids do hold in the proportion of their bo- 
molegall fides triplicated, if you ſhall inde rwo meane 
proportionalls between the whole fide & each thouſand 
pars of thelike fide: all ofthem cutting the ſame two 
right lines, the former of thoſe lines ſo cut, (ball contain 
the diviſions required. 


Wherefore upon the center 4, & Semidiameter equall 
to the line of Lines, deſcribe a circle and divideit into 4 ' 


equall parts G E B D,drawing the crofſe diameters C B,E 
D. Then divide che ſemidiameter AC,firſt into 10 equall 
parts, and between the wholeline AD& AF, the tenth 
_ part 6f AE, ſeek out two meane proportionall lines A 1 
and A H: again between ADand AG being two tenth 
parts of AC, ſeek outewo. meane proportionalls A L, 
and AF, and foforward in the reſt. So tha 

be divided into 10 uncquall parte. 
Secondly 


II the line 4 B,. 


D 


T he deſcription of the lines. 


Secondly, divide each tenth part of the line AC into 
10 more, and berween the wholeline A D, and each of 
them, ſeeke out rwo mean proporcionals as before: So 
ſhall che line 4 B be divided now inco. an handred une- 
quall parts. | | 

Thirdly, If the length will beare ic, ſubdivide the line 
AC onceagain, each part in ten more : and between 
the whole line A D and each ſubdivifion , ſeek ewo 
| mean, 


The deſcription "of thelines, %» 
* mean proportionals as before, $0 ſhould the line A B 
be now divided into 1000 parts. But the ruler being 
ſhort, it ſhall ſuffice, if thoſe 10 which are neareſt the 
center be expreſſed, the reſt be underſtood to be divi- 
ded, though atually they be divided intro no more then 
5-or3, -and this line 4 B fo divided ſhall be the line of 
_ Soliasand mult be transferred into the SeHor : Bur let the 
aumbers ſetto them be onely 1. I. I. 2, 3,&c. uvto 10. 
as in the example, 

Or theſe lines of So/ids may- otherwiſe be transferred, 
"Into the SeFor,out of the line of Lives (or rather, outof 
1 D;jagonglh ſcale equall to the line of Zines ) by a table of 
*Cabique roots, 'For the root,takenout of the line of Lines, 
fhall give the cube in the lines of Solids. 

As to inſcribe the diviſion of 1 a5 inthelines of Solids ; 
pur xii, ciphers to 125, and make it 12500C080000CO0 ; 
Then find the cubique Root of the number, which will 
Þe-50080. Take therefore '50000- out of the line of 

«Lines, (ſuch as the whole line is 100000) and-it will 
ve. the true diſtance between the points of x25 in the 
lines of Solids. ; es | 

So,for the diviſion of zoo, put to xii, ciphers more, and 
make it z000000000Gc060, Whoſe cubique Root is 
66943. 'This, taken out of the line of Lixes, (hall give the 

ce for the points of 3o0in the lines of Solids, And the 
ke -reaſonholdeth for all the reſt , according to the enſu- 
-ing Table, = | OD 


« 


_ 


A Table-of Cubique Roots, 


—_ —— A. 


4 Table of Cubique Roots, 


| 


| 
6 


J Cube. Root. 
20] '27x4| 50 "50 
-21 758) 52 52 
2 2.2803| 
2 3 2843 
FH 
_ 25|3924|_60 


—26 
27 

28 
| 29 
_30 
—\1765 "31 
13817, 32 
1366, 33 
1912, 34 
1957 35 


10 


g— 


IJ 
= 


_I3 


"T6:2519 


17 
18 


19 


3235 
142410 


2154 40 
232Z 41 
2289 


43 


[2466 


25971 


20/2714) : 50 
_— 


2000 ©36| 
2040. 37} 


Cube. Root. Cube. por.” 


3684 125 [5000 
3737 130 5065 
413779135 $329, 
56 3825 1405192 
58 
60 


—62 


2962 
3000 
13036| 6 
3072 
3107 
3141 
3174 
3307 
3239 


68 
70 
72 
: 74 
76 
78 
80 


4121175 (5393 
41 601180 80. 5646330 
4198 185 5698 
4235 190 5748 
4272195 5798 
azo. 200 5848 

83 4344 205 5896 
844379/210|5943 


2080-- 3813 
2117 Et 


42 


44 
45 
2519| 46 3583105 47177255, 6341 

47 3608, 110 4791 260 6382 
26:0| 48|3634'r15 4963 265 6423415 
2668| 49 3659 120 4931 270 6463 4:0 74A 


$6|4414 215|5990 
88 4447 220 6036 
_ 90 [481/225 6089 
3448 92 4514 230 6126 
3476| 94 4546,235 6171 


——CC _—— 


Cube. Noon, 


275 6502 
280 6542 


285 6580 


290 6619. 
3870145|5253 295 6656 
391 41525313300 6694 
3957 155 5371 305 6531 
. 414900 160, 5428 310 6767- 

614041 165 5484 315, 6804 - 
4081 170, 5539 320 6839 


325 6875 
330 6910 
335 £945 


349 6979 - 


345 6713 


350 7047- 


355 7080 
360. 7119 
365 71.46 


3707179 


380 7243 
385 7274 


3593 96: 4578 240 ;6214/390 7306 
peat 98 4610 245 6257]395 7337 
35561100 4641 250 '9299/400 [7368 


105 7398. 
[410 74238 j 


F-: 45S. : 


[3684'125 5000 275 650244 E 


37317 HT, 


Li Root, - |Cube, Root, _ 
\425 7518, $75 [8315 
430 7547 580 8339 


- SF. —- ——__—— 


|= m— 


: the diviſion / the Vas of Solids, 


435 7576 585 8363 
440 7605 590 8387 
[445 7634 595 8410 
459 7663/5600 84:4 
455 76911605 8457 
460 77rg;610 8486 
465 7747615 $504 
479 7774, 630 8527 
475 7802625 8549 


486 7829,930 B572 
.qb5 TO 8595 


490 7883 642 8617 


(495 7910 645, ,8640 
FOO 7937, 650 |8662 


505 7963 655, 8684. 


510 798g 660 8706 |8 
yi5 801 5/665 $728|6 


[$30 8041670 $750 


$25 8067675 675 8773 8 
$39 Yog3 380 5797 x70 


$35 8118685 $815 
540 8143690 [8836 
$45 8168 695 8857 
$50 $193 700.8879 


— — 


$55 $2159 705 i8900 
(560 - bogs 710 [8921 


Cube ube, Root. 


725 j8983 
730 9004 

35 [9024 
74919045 
745 9265 
7 &.tod go85 
755 greg 
760 9125 
765 [9145 
779 9165 
775 9185 
780 [9205 
785 [9324 


799 \9244| - 


795 9263 
500 [9383 


840 9435 
$45 9454 
850 9472 
$55 9491 
$60 [9509 


F65 8367 715 (8943 (865 9529 


479 8291 720 8962 
37518315 735 


$70 9546 


| 


8983 


875 9564 


b75 9564 
880 

$85 
890 
895 
960 


905 
910 


958: 


Cube. ' Root. DR | 


© 


915 
920 
© 935 
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5 To divide the lines of Sines and Tangents on 
the ſide of the Sector. 


Pon tho center eL, and ſemiJiameter cquall to the. 

line of Lizes, deſcribea ſemicircle 4B C D, with A: 
B, perpendicular to the diameter C D; Then divide the, 
quadrants C B;B D,-each of them into go, and ſubdivide 
each degree into 2 parts, For ſo, if ({txeight lines be drawn 
parallel to the diameter C D,through theſe 90, and their 
ſubdiviſions they ſhall divide.the perpendiculac A Z un- 
equally into g0,- 
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And this line A B fo divided {ill betthe line of Sizes, 
and muſt be transferred into the. SeFor. The number ſet 
to them are to be 10, 20, 30. &c. unto 90, avin the exe. 
ample. Ls . Bi 

If now in the point D) unto the;:diameter C D, we 
ſhall raiſea perpendicylazD EZ, and to it draw (treighe - 
lines from the center A, through cach degree of the K 6; 

: LANE 


The deſcription of the-lines, WW 
drant D B,theſc ſtreighs lines ſhall be ſecants,and this per- 
pendicular fo divided by thee fhall be the line of Tan- 
gents, and mult be:cransferred unto the fide of the Sefor, © 
Themumber ſer cothem, are to be 10, 20,30, &c. 23.iathe 
example. | | 

It between A and D, another ſtreight line G.F, .be 
drawn parallel to 2 E, it will bedivided. by thoſelines 
fromthe center in-like fortas D E- is divided, and it may 
ſervefor a lefſer line of T angenre, to be ſeron the edge of 
the Sefor. "_ 

If the compatſſes ſhall be extended, from C,to cach de- 
gree of the, 2 #aarant, C B, and thoſe extents transferred 
into one line (C A) this line C A fo divided into 6o (or 
rather inco 9o- gr.) ſhall bea':line of Chords, and may-bg. 
ſer on ſome void placeof the Se or, | v4 

' Theſelinies of Fines and Tangents, may yet otherwiſe be 
traysferred into-the Se fox out ofithe:line;of,Lines, (of ra-. 
ther ont of a'dizgonall Scale-cquall_to:the ling 05 Lines, )by; 

tables of Sihes-and Tangent: 4 6, 
| Forthe Sine of 90. gr. being<qualtco the whole Lize of. 
lines of 100000. parts, the S;zxe of 30 7r.. will be equal to. 
50000 (half the Lizeof /ines ; ) ate iheFinsof 45.97 C- 
quall to 70710 parts of the /;ne of /ines , according to the 
uſuall table-of S;xes, 

. Tnlike manner the Tangent of 45 gr, being equall to the 
Whole Line of /in+s, the tang. of 40 degr. will be equall to 
$3910 parts of the Line of /ines:and the rang. of 50 degr. 
equall to 119175, that is, tO one Rad'us (or whole Line) 
and 19175 parts more of the {ame line of Lines,according 
fo the old table of Targenis. | ; 

And (upon the fame ground) the Secant of 40 pr. will 
be equall to 130549, that i$, 00” P agree, and 30-40. parts 
of the line of Lixes : and the Src42t of 50 deer, equall to 
155572;-and (o the. reſt, accori'r:; 15 the like Table wf 

+ "The Ze of Chords may alſo be'awvided by helpef the = 

Table of Sizes, and {/izeof {;zrs. For the double fue of 
C ; half - 


Y The defeription of lines, 
hy by zrk, taken out of the /ine of Zines, will give. the 
HOrfs Ss, ws , : 
Asifthe Ark propoſed were Co gr. The half of this Mr 
13-30. degr. — the ine thereof 50600, which being Fr, 
o_ _ 100009,the whole /ins of lines, cquall to acbord 
of 60. degr, | 
So for the chord of 90 deer. the half Ark is 45 degrees, 
and the fine ndf50730 which being cbicd, make 
2914240: ( thatis ) one Radizs and 41430. parts of the 
line of lines, equall to the chordof go gr, required, 


 .'6 To fhew the ground of the Sevtor, 


] "Ke A B, AC, repreſent the leggsof the SeZoy ; then 
| ing theſe two A B, AC, arecquall, and their ſeti- 
ons A D, A E,alſo equall, > mon cut proportionally ; 
and if we draw the lines B C, DE, they will be parallel - 
by the ſecond Pro.-6 lib, of Zxclid, and ſo the Triangles 
ABC, ADB, ſhall becquiangle ; by reaſon of the com» 
mon engle at A, and the equall angles at the baſe , and 
therefore ſhall have the ſides proportionall about thoſe &- 
quall angles, by the 4 Pro, 6, lib, of Euclid, 


. __ RB 
Thefide A D, ſhall be to the fide A B, as the baſis, D'B, 
unto the parallel baſis B C, and by converſion A B ſhall 
be unto A D, as B C, yato D E; and by permweation A , 
D, ſhall be unto DB, as AB, to BC, hee Serif AD. 


= 


The ground of the Sitfor: Is 
be the fourth part of the fide A B, then D E, hall alfo be 
the fourh part of kis parallel bafis B C, The like reaſon 
holdeth in all other ſeRions, 


7 To ſhew the generall uſe of the Sefox. 


| s 2 Here may ſome concluGons be wrought by the Sefor, 
even then when it is ſhut, by reaſon thatthe lines are 
al of one length : but generally che uſe hereof conſiſts in-- 
the ſolution of the Golden rule, where three lines being 
given ofa known denomination , a fourth preportionall is 
to be found. And this ſolution is diverſe jn regard both of 
the /ines, and of the entrance into the worke. 
The ſolution in regard of the /izes is ſamerimes Smple, 
-as When the worke is begun and ended-upon the fame 
lines, Sometimes it is compound, as when it is begun on - 
one kind of lines, and ended on another. It may be begun - 
npon the lines of Lizes , and finiſhed upen the lines of Sy- 
perficies., It may begin on the Sixes,and endon the 7 an- 
ents, | : 
The. folution in regard of the entrance intothe work, 
may be either With a para#el or elſe /arerall on the fide of 
the Sefor,I call it parakel extrance,or entring witha paral- 
-lel, when the ewo lines of the firſt denomination are ap- 
- plyed inthe parallels, and the third line, and that which is 
ſoughefor,are on the ſide of the Sefoy. I call it /ateralten- 
trance, or entring on the {ide of the Se#or, when the two 
- lines of the firſt denomination are pirthe fide of the Sefor, 
and che third line, and that which is tobe found out, doe 
Rand in the parallels. . 5h 


. Asfor example;let there be given three lines A,B,C, to 
Which Iamto find a fourth proportionall, let 4, meaſured 
.in-the line of /izes, be4o, F 50. and C bo. and ſuppoſe 
- :thequeſtion be this ; If 46 Aoveths give 5o pounds, what 
Chill 60? Here are lines of ewa d<nominations, one of 
month; another of poundz,and the firſt, with which Iam to 
enter, mult be that of 40 woxethe, If then I would enter 
with 4 paralel, firſt Itake A, the line of 49, and putic over 
as a payalie/ tn 5o, reckoned in the line of /ixes., on either 
\fide of the Seo from the center, ſo as it may be the Baſe 
of an 1/oſcheles triangle B A C,\ whoſe ſides A B, A C, are 

equall to Y, the line of the ſecond denomination, "A 
: en 


*. 


The general of: of thegeNor. 7 

'\ Then the SiZ# being thuropenet; Fake © the line 
of 60; between the feer: rofrte-compulite/ trndcartying 
aralefcoBG, Find chem co crofferhe' Hines AB, 

A C, onthefideof the SeForin D and E, numbred with 
75s wherefore donaltandith line A onde AE, a the 
fourthpreporti che Correl ent number 75 
mich was ES: FOOT? Tp 


28 . The gener elf uſt of the S eFor. 


. Bar if] wayld eter onthe fade of the Seltor 5 chen would 


Idiſpaſe the lineiof che firlt! denaniudtion A-and:C3in 
the line of Lizers.on. both fides of the, Stfer, ln AB, AC, 
andin AD, A E 

A, and then taking, che line; of the;fecond denominati- 
on put it over a$ a parele{tin B'Q,,:thiktiemay be the Bafig 
of the Iſocheles triangle BAC, (wlioſe:fdes A BAG 


are equall co A, the firſt line of che fic denomination). 
for ſo the Sefor being thus opened the other paraleB 


from. Dro E, ſhall be the fourth proportionall which was 
required, and if it be meaſured wich theother lines,ic {ball 
be 75; as before:. 

n both this manner of operations, the two firſt lines 
do ſerve to open the Se&vr to his due angle, the difference 
between them is eipecially this that in parele! entrance, 
the two lines of the firſt denomination, are placed in the 
parallels BC,DE; and in lateral entrance, they are placed 
on both fides of the Seffor, in AB,ADandin AC, AE. 

Now in ſimple ſolation which is begarrand ended, upon 
the ſame kind of lines, it is all one which of the twolatter 
lines be put inthe ſecond or third places. As ta our exams 
ple we may.ſay, as 40 are t050, ſobounto 75, orelſeas 40 
are to 60,10 50 anto 75. And hence it cometh thapwe may 
enter both with a poralel, and on the fides two'manner of 
wayes at citherentrance, and ſo the moſt part-of queſti- 
ons may be wrought 4 ſeverall wayes, though in the pro- 
pofitions/following ,. I-mentioned ,onely- that which fs 
moſi;covenient: If any have notthe Sefor, he may make 
uſe of the former figure, as in.our example, where wehave 
3 ——————— 50; 66.) to find the fourth Propor- 
rionall. | - 

Firſt , draw a rigk#line (A D) to repreſent one of the 


lines ofthe Se&or.” Then take our the firft number (40) 


our of the line of Liner, and prick it down from A co By 
ard on the Center (A,) and Semidiameter (A B) deſcribe 
an occult ark of a circle from B towards GE. In like 
manner, take out ( 60) the other number, of the firſt deno» 

& mination 


"W 


| fo asthey ſhould all meet. in: the center 
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arkof acircle, from D'roward E. Thar done, take the 
ehird number { 50)and infcribeir into theficit ark from 
Bto C;and laying theruler to.the center (4)and the poine 


C,draw theright line A'C,) out: iv length , ell it cur; 


the ſecond arch in the point E. SotheidiftancefromD to 
E (taken and meaſurediin the ſameſcale with che third 
number) will givethe 75 for the fourth proportionall. 

Thus much for the generall uſe of the SeFor, which be- 
ing conſidered and well enderttogd,there is nothjog hard 
in that which folleweth. _- | 
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1 To ſer don « Line, reſentling any given parts 

| | or frattwa of parts. 

S BUIWUNHT RY TD hin | 

\He lines of Ling! Ar Bigided aQuaſlly into 100 parts, 
' bue we have pur only 10 numbers inchem. Theſe 
we would have to fignifie either themſelves alone, or 
ten times themtclyes, or an hundred cineschemſelves, or 
a thouſand Yinesthelgtetves. A8 the maccer thall require. 
As ifiche number given be go more then 10, then we 
may think" thelines only "divided into 10 parts accor- 
ding to the numbec ſer co them. If chey be more chen 
10, and net more then 100, then eicher line ſhali con» 


tain 100 parts, and the numbers ſerby them ſhall be in 


S. i 


value 10. 20. 30. &c. as they are divided afually. If yer 


they be more chen 100, then every part mult be choughir 
tobe divided into 10, andeither line ſhall be 1000 parts, 
andthe numbers ſer cathern ſhall be in . value 100. 2co. 


360 + 80d, [o. forward. ſill ingreaFingchemſelve by 10. :!. , 
AD,. 2 


440; 


Thais 


| The uſe of the;Scale of: Lanes, : - 19. 
migWon) and pugkitdown:from 1tto D. Andot'the 
| cor (4).and S&midiemerer- (AD) deſcribe a ſecond 


* ae Fe 


This bei ed, memay number the'pares anll(+ 


Co given in}the line of liner; ant] taking*+ 


out the diſtance with a-pairof compaſies, \@ it by, for 


theline ſo taken ſhall reſembleche number given. © pÞ 


In this manner; may (wy3 fer: down a line-reſembling --- 
75, if either-we take 75 ; outiofithe hunted parts g into 


which onevofthelineof lnivieatually divided; and note - 


itin A, or 7; of-the firſt 10 parts, and'noteir ir By or one» 
ly 3. of one af thoſe hundred parts, and noteir in C. Or 
if this be either togreat: ortoo ſmall,wemay run a Scale 


at pleaſure. by, openingthecompaſſe to i fome* ſmall di 24 2) 


Rtance, and running it ten times over, then opening the 
compa fletotheſe ten, run them overnine times more,and 
ſer figures to them asinthis example, and outof this we 
may take what parts we will az before; - - 

IN my_ ans divided the line of ct on the 
edge of the S:&or, fo ax one inch congaingth: 8, AYO* 
__ 9, another 10, og ne Conraing are at To. 
\ asthey are diſtant from the other. end of the-SeFer,that ſo. 

we might have the better eſtimate... © © 

2 Toencreaſe a line tn a given proportion. _. 
3 To dimmiſh's tint in a groes proportion. 


: ken line - given with a palr of compatſes and | | 
open the Seffor, fo as thie feet of the compaſſes may 


ſtand in the petnts of the 'number given,, then keeping . . 2 


the Sc&or at this angle, the parallel diſtance of the points 
of the number required, ſhall give the line required. 
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Let A bealine given to be increaſed in the proportl- 
on of 3 to5,-FirkI'take the line 4, with the compaſles, 


and open the Seffor till I'may put it over in thi potnts 22 


of 


1 


| 


T>. 
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Theft of thelines of Lines; Tx 
of 3 and , (othteparalſel between the: points-of+ andirs 
doth _ the line B, which wavrequlatla w 4+ 5 
. In like manneryif ZB, be a line given to be diminifhed in- 
the proportion of 5 to 3,Itakethe line Band to itopen the: 
S:&:r in the points of 5, ſo the parallel between the 
points of 3, doth 'giveme the Ine which war required. 

If this manner of work dornoe- fuffice; ve may mul- 
tiplie or divide the numbers given by 2, or3, or 4. &c.. 
And ſework by their numbers equinmltiplices, as for. 
and5, we may openthe S:For in 6and 10, or elſe in '9 
and 15, or elſe in 12and20,orin15 and 25,orin 18 and 
30. KC. SIE, | b7 


© 4 Toarvidea line into parts given, 

T rm prone Ge according to 
the length of the ſaid linein the points of the parte, 

whereint.the line ſhould be. divided, then keeping. the 

Ser at this angle, the parallel diſtance between the 

points of 1 and i ſhall divideche line given into the parts 

required. | | | ; ollozie 


# . ' ba -* © 
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Let AB, be thelinegivzen tobedivided into five parts, 
firſt © cake this line AB,' and'toit epen the Seder Ih the 
point of 5 and's, fo the par#llel between the points of r' 
and 1, doth give theline AC, which doth dividet ic into 


the parts required. 


_ £0 10 _ 23 


- Orlerthelike line'A-B, be to be divided into ewenty 
three parts. Ficit I take;our the line 2 pur iz-upo 
3 


n the 
Se&or 


An my 
2.2 


The fs of the lints of Lines: 


Ser in thepoints of 23; then may-I by'theformer: pro- 
poficion diminiſh itin AC, C'D, 
23, to 10,'/and aſter that divide che ne ACGinso 10g &c. 


As before. 


in: theiproporeion of 


. 5. Tofind s proportion ERC two or more 


roght tines ghuen. div-3 


| Tx: the greater line giyen, and according toicopen 


the SeFer in the points of 100 and 100, then take the 


Le ps 


ſeyerally,S carr; them parallel co the greater, 


ay in like points,ſo the number of points where 


in hey: _ (hall ſhew their proportion unto 100. 
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Let the licies ds be4B, c D, G's cakerbbVine cD, 
and toitopen the $.Qorin the points of 100 and 100,then 
keeping the Sethor at this angle, T enter the tefler life 4B, 
parallel cothe form,and finde it tocroſſe the lines of Ither, 
in the pctnts of 60. INES the propection of AB coG 


Wye axon 
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Oc if the line C ED D;be greater then can be pur over in the 
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This propoſicion may alſo not unficly be wrought by 
any other number, that admits ſevera}l divift ns, and 


namely, bythe numbers of 60. And ſo the lefſer | 


be found to be 36, whictvis 33 befgre 5nKlſer 
az3 unto5. Ic may alſo bewrou 
Seer. For if thelines between which we ſcek a properti- 
on, be applied tothe lines of Line;{(orany orher Scale of 
cquall parts) there c— propertion fotind bergeet * 


\ 


RS. will 


t without OT ng th 


them 


| them, as between the lines co which they areequall. 
6. Tuolines being ghvento findathird. 

' $R60ntinual proportion. 
Pf ptece both the lines given, on hoth fides of the 


SeJor from the Center , and marke the termeg of their _ 


extenſion, then take out the ſecond line again , and-to 
it open the SeFor, in the termes of the firft line, ſo keeping 
the SeZorat this angle, the parallel diſtance between the 
termes of the ſecond line, ſhall be the third proporcionall. 
A. 


The uſe of the lines of Lines; 23 


Y 


wp 


2 a. *..Fbauſeof the lines of Line; 
thepmolin mnesgiven beA BAG which]: talequt and 

> wo. on both fidesof the Sor, ſo.as they all meet in the 
center A; ſet Viterat@ bf fAiſtHine be Band B, the 
rermes of che ſecond \CandC- Then do I cakeout AC the 
ſecond line again and toit open the Ser in the termes 
BB So the PURITY betyyeen'G and*C doth give ye 
*the 75 fine In coritinualt proportion, For as ABjizunto 
: AG foBB, equaſlto AC, iz atito'EC.. 


.. 3 Three lint being given'to find hi hiv 
' n  diſcontinual ade eneten | 


” - 8 I _——  ; 
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PErechs ficffline& the third aretobe placed on both 
fictes of che Seffor, from the center, then take our che 
ſecond lint, and to ie open the Sefor, in the termes of the 
fickt lice. For fo keeping the Sefor at this angle, the m 


lel diffance ber the termes of the line, 
the h proportienall. 
_ 5 three lines —_— B, C. 
| EIN 
| gf * ; 
| T [ : 
4 
| w/ 
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FirftItrake and C,and place them on both fides of_ 
the 5c \BAC,andAD.AE, laying che beginning 
of ezatthecenter A.chen do l cake our B the ſe- 


according to it I open the SeFor ia B and Che 
termes 


*2.1 


The uſe of the lines of Lines. 27 
termes of the ficit line: ſortheparallel between D and E, 
doth give me the fourth proportionall which was required. 

As in Arithmetique, ic ſufficeth if che firſt and third nums 
ber given be of one denoniination,the ſecond and the fourth 
which is required be of another. For one and the ſame de- 
nomination is not required neceflirily in chem all. So in 
Geometrie , it ſufficeth if che ſides AB, AD, reſembling the 
firſt and third lines given be meaſured in one Scale, and che 
| wv BC, DE be meafured in another. Wherefore 
Knowing the propor:ion of A che firſt line, and C the thi:d 
linegby the fift prop.before. Which is here as 8 co 1 2 & deſcen= 
ding in lefſer numbers is as 4to 6, oras2t03, or aſcending 
Into greater numbers, as i6unto 24or 18ro 27,9r 20 £0 3% 
or _ to 45,0r 40 to 60 Rc.lt the Ser be opened in the poincs 
of 8 and 8,co the quancity of B, the ſecond line given, then 
a paralle] between 12 and 12, (hallgive D E, che fourth 
line required. Solikewile it ic be opened in 4 and 4, then 
a parallel berween6 and 6,oritin 16 and 16. then a paral+ 
lc] berween2 4and 24 (hall givethe tame D E. Aud fo in 
Liie reſt. . 


$ To d:viatalinein ſuch a ſort as another line 
6 before divided. 


| Tha take out theline given, which is already divided, 
and laying ic On both fides of the S:@r from che center; 
mark how far it extendeth. Then take our the ſecond line 
which is co be divided,& to ir open the Sefrr in the termes 
of the firſt line. This done, rake out the parts of the ficllt line 
and place chem alſo on the ſame fide of the Sc&r from the 
center. For cheparallels taken in che termes of cheſe parts, 
ſhal be the correſpondent parts in the line which is co be di 
vided. 

Ler AB, bealinedividedinDand E, and BC, the line 
which 1 am co divideinſuch Cort, as A B is divided. 

Firſt Icake ourtheline AB, and place it on the line of 
Lines in AB. AC, both from he center A, then take I our 
the ſecond BG, and to it open the Sefor in B and ©, the 

E termes 


56 T he uſe of the lines of Lines, 
cermes of the firftline. The SeFor thus opened to his due 
angle, I take out A D and AE,the parts of the firſt line 4 B, 
and placethem alſo on beth the fides of the Sefor A D, 
AE, ſotheparallel DD, giveth me B F,and the paralell E 
E; givet h me BG,and now the line B C,is divided inF& G 
as is the other line A B,in D and E,which is that which was 


A : D E 


required. © '* Be 

If cheline AB werefonger then one of the ſides of the 
Ruler y then ſhould I find what proportion it hach to his 
parts AD, AE, and that knownlI may work as before in 
the former propoſition | 


' © © 9 , Two numbersbeing given to finda third, 
| - -. in contiunall propertione ETD. 


"Iſt reckon the two numbers given on both fides of the: 
line s of Lives from the center, and mark thetermes to 
which dcherofrhenmr extendeth, then takeout a line reſem< 
bling the ſecond numher again, and to ig:open che Se&r 
In.thetermes of the firft number. for ſo keeping che Se@or 
at thizangle , the parallel diftance between the termes of 
khe- ſecond laterall autaber , being meaſuredin the fame 
L 1 ale 


= 2 _ 
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The uſe of the lines of Lines; 27 
Scale, from whence his parallel was taken ſhall give the 
third number proporcionall. 

Let the two numbers given be 18, 24, theſe being reſem» 
bled in lines, the work will bein a manner all one, with 
thac in the fixr Prop. and ſo the third proportionall number 
will be found co be 32. 


10+ Three numbers being green to find a fourth 
in diſcontinuall proportion. 


mT” He ſolution of this propoſition , is in a manner all one 
T with that before in the ſeventh Prop. only there 
may be ſome difficulty in placing of the numbers. To avoid 
this, we muſt remember that three numbers being given, 
the queſtion is annexed but toone, and this mult alwayes 
be placed in the third place, that which agrees with this 
third numberin denomination ſhall be the firſt number, 
and that which rem3ineth the ſecond number. This being 
conſidered, reckon the ficſt,& third numbers, which are of 
the firit denomina:ion on boch fides ofthe lines of Lines from 
the center, and mark che termes to which eicherc of them 
extendeth, then take onr a line reſembling the ſecond num» 
ber, and tO it open the SeFor in the termes of the ficſk num- 
ber, for ſo keeping the Sir at this angle, the parallel dir 
ſtance between te.termes of the third lateral.number, , be» 
Ing-meaſured inthe ſame. Scale from whence.his parallel 

was taken, ſhall givethe fourth number proportionall. 
As if a queſtion were propoſed inthis manner 10 yards 
coſt 8 li, how manyyards may we buy for 121? here the 
queltion is annexed to 12; andcherfore it{hall be the third 
number, .and, becauſe is of the ſame denominationgit ſhall 
| bethe ficlt number,then 10 remainingyit mult be the {ſecond 
number,ſo will chey ftand in this orders, 10, 12, Theſe be- 
ing reſembled in lines, the work will bein a manner the 
ſame, wich thatin theſevengh Prop- and the fayrrk pro- 
portionall number will be found to be 15. For as Sare to 

10, ſo 12 unto 15, 

E 2 And 


om . % 


a3 The uſe of the lines of Liness 
And this holdeth indire& proportion, where, as the firſt 
number ts to the ſecond,ſo the third to the fourth.So that if 
the third number be greater then the ficſt, the fourch wil be 
greater then the ſecond, orif the third number be lefſe then 
the firſt, the fourth will be leffe: then the ſecond, but in 
reciprocal] proportion , commonly called the Back rae 
where by how much the fir} number is greater chen the 
third, fo much the ſecond-will belefle then-the fourth, or 
by how much the firſt number is lefſe then. the third, fo 
much the ſecond will be greater then the fourth. The man- 
ner of working muſt be contrary, that is; the Se@or is tobe 
opened inthe termes of the third number ,and theparallel 
reſembling the number required , is to be found: between 
the termes of the firſt numberzthe reft may beobſeryed as be- 
fore, as for example. 


Tf twelve men-would raiſe a frame inten dayes, in how many 
dayes would eight men raiſe the ſame frame? Here, becauſe the 
fewer men would require longer time, though the numbers be 1 2g 
10, $,yet the fourth proportional will be found to be 15. 

So if 60 yards, of three quarters of a yard in bredth, would hayg 
round about a reom, andit were required to know how. many yards of 
balf ayard in bredth, would ſerve for the ſame room. The fourth pro- 
portionall will be found to beg 0. | 

So if to make a faot ſuper ficiall 12 inches in bredth , do require 
12 inches in length, and the bredth being 16 inchesgit were required 
#0 know the length. Here, becauſe the more breadth, thelefſe length 
the fourth proportional willbe found to be 9. | 


Ss if to make a Solid foot, a baſe of 1 44 inches. require 12 inches 
zn hight and « baſe given being 216 inches, it were required to know 
how many inches it ſhall have in hight. The fourth proportionall would 


This laft propofition of findiog a fourth proportional 
| number 
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The aſe of the lines of Superficies. 2g 
namber may be wrought alſo by thelines of Superficzer,and 
by the lines of Solids, Poy 


CHAP. IIT. 
The uſe ofthe lines of Saperficies, 


L: Tofind a proport iow between two or marelik e 
Snperficies, 


OS one of the fides of the greater Superficies given, and 
according to it open the SeQrin the points of 100 and 
10 ©, in the lines of Swperficzes, then take the like fides of the 
leſſer Swperficies ſeverally, 8& carry them parallel tothe for» 
mer, till they ſtay in like points, ſo the number of poines, 
wherein they ſtay, ſhall ſhew their proportion unto 100, 


4 
A ———— 


Let A and B,bethe fides of like Swperficzes, as the fides of 
two ſquares, or the diameters of two circles, ficitIcakethe 
fide A and.to ic open the SeFor in the points of 100, then 
keeping the Se&or to this angle, Ienter thelefler fideB, pa» 
rallel tothe former, and find it to croflethe lines -of Syper- 
ficies in the points of 40, wherefore the. proportion of: the 
Superficies whoſe fide is A, tothat whoſe fide is B, is as 100 
unto 40, which is in leſſer number, as 5 unto 2. 11 

This propofition might have been wrought by 60, or 
any other number that admits ſeveral divifions. It may alſo - 
| be wrought wichout opening.cthe SeFor,. for if the ſides of 

the Superficies given, be applied to the lines of ' Swperficies 
beginning alwayes at thecenterof the Sor, there will be 
ſuch proportion found between them, as between the 
v4 E 3 number | 


zo. The feof the lins of Superficies; 
numberof parts whereon they fall. 


2 To augmerit 6 Superficjes in «given Properties 
3 Todiminiſh a Superficies in a given Proportion. * 


Akethe fide of the Superficter, and toit open the SeFor 

inthe pointsof the numbers given; then keeping the 
SeFor at that angle,the parallel diſtance between the points 
of che numbers required, (hall give che like fide of the S»per= 
feies required. © NO m | 


B + —- ; 
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.. Let Abethefideof a Square to be augmented in the 
proportion of 2 to5. FirltI cake the fide A, and put it over 
in the lines of Szperficies, in 2 and 2; ſothe parallel berween 
5and5; doth give methe fide 8, on which if I ſhould make 
a Square, it would have ſuch proportion to the ſquare of A, 
as5 Unto 2. > 4 a © WS SS- ea edi ee edt y% we 0 ; p : 

In like manner if B were the ſemidiameterof a circle tobe 
diminiſhed in the proportion of 5 unto 2, I would take out 
B, and put ic over in thelines of Superficies, in 5 and 53 ſo 
the parallel berween 2 and 2 would give me A; on which 
Semidiamerer if I ſhould make a circle ic would beleffe then 
the circle made upon the Semidiameter B, inſuch propor- 
tion at 2 is leffe then. 

For varietie of work the like caution may be here ob- 
- rh to:that which we gave in the third Proportion .of 
nes. : s a F , | 


4 To add anehihe Su erficres to another. | 
5. Toſutſtrad one like Saper ficres from another e 


Phe proportion berween, like fides of the Supefies 

Zlven $ is to be found by the ficit Prop, of uperſicies, 

then add or fubſtra& the numbers of thole prone, 
an 


_ 


The uſe of the line of Superficies. 7 
and accordingly augment or diminiſh by the former Pro» 
poſttion, 


As if Aand B werethefide of two Squares and-it were 
required co make a third Squareequall ro'them boths Firft 
the proportion betweenthe Squares of 4 and B, would be 
found to be as 1counto 40, or in lefſer numbers as-5 to 
23 .then becauſe5 and 2 added domake7, laugment the 
fide A, in the proportion of 5 to 7,and produce the fide G 
on which I make a ſquare, it will be equall to both the 
ſquares of Fand'B, which was xequired. Ry © 

In like manfier AandB being the ſides of two Squares, 
if-it were required to ſabſtraf the ſquare, of B outof the 
ſquareof A, and to make a ſquarec<quall tothe remainder, 
here the proportion being as 5 to 2, becauſe 2 taken out of 
5, the 1emainder is 3. Iwould diminiſh che fide Ain the 
proportion of 5 to 3, and ſo I ſhould produce the fide D, . 
on which I make a ſquarezit will be.cqual to the remain- 
der when the ſquare of Bis taken out of the ſquare. of A, 
that is, the two ſquares made upon B&D , ſhall be equall 
tothe firſt ſquare made upon the fide 4. |, 1, ,, 


e % 


6 To find amean proportional between 
two lines oben. : | 


| hob find what proportion is between the lines given, 
as they are lines, by thefikh Prop, of Lines, then open. 
the Se&or in the lines of Syperficzes , according, to his num». 
ber, to the quantitie of the one, and a parallel taken bee 
tween the pointes of the number belonging to the other line 
ſhall be the mean proportionall. 


32 The-uſe of the lines of Superficies: 

Let the lines given be 4A and C. The proportion be- 
eweenthem as they are lines will be found by the fifth pro- 
poſit of lines to beas 4, to 3. Wherefore I take the line.C, 
andput it over tO the lines of Swperficies between 9 and 9. 
and keeping the Se&or atthis angle, his parallel between 
_ 4 doth give me B for the mean proportional. Then 
for proof of the operation I may take this line B, and pur 
it over between 9and 9: ſo his parallel berween 4 and 4, 
ſhall give me the fictt line A. Whereby ic -is plain chat 
theſe three lines do hold-in :continaall proportion; and 
therefore Bis a mean proportionall between A and Che 
extremes given. ; 


Upon the finding out of this mean proportion depend | 


many Corollaries, as 


# = 


19 make a Square equall ro a Superfictes giuens -* oc 
@.5.2' BE Bs 


| þ the Superficies given bea re&angſe porallellogram, a 
mean proportionall berween the two uncquall fides ſhall 

be che fide of his equall ſquare. " 
'If i: fhall bea triangl e, a mean proportion between” the 
perpendicular and half the baſc ſhall be the fideof his equal 
ſquare. If it ſhall be any orherright-lined figure, ic may be 
relolved into :riangles,and fo a fide of a ſquare fonnd <qual 
to every triangle; and theſe being reduced into one equall 
ſquare, it ſhall be <quall co the whole right-lined tgure 


given. : 


'* Tp find a proport Jon between Saperficies, though they 
E: be nxlike one to the other. 


Fo every Superficies we fitd the fide of his equall quare, 
the proportion between theſe ſquares,{ball be che propor 
tion between the Swper ficzes given. 
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The uſeof the lint of Superficics: 


B 


Let the Superficies given, be the oblenge A, and the eri- 
angle B. Firtt between the unequall ſides of A,I find a mean 
proportionall , and noteitin&: this is the fide of a ſquare 
equallunto AF. Then between the perpendicular of B, and 
halfhis baſe, Ifinda mean proportionall , and note ic in 
B: this is theſide of a Square equall coB : but the propor» 
tion between the ſquares of Eand B , will be found by the 
. firſt Prop. of Swperficies tobeas5 to 4: and' therefore this is 
' the proportion between thoſe given Sxperficies. 

To make a Superficies like to one Superfictes 
and equal! to anether, 


 Ertheone Superficier given be the triangle A, and the 0+ 
ther the Rhomboides Bzand letit be required to make an? 


424 ; 7 
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23 The uſe of the lines of Superficies. 
other Rhomboides like to B, and <quall to the rriangle A. 

Firſt between the perpendicular-ard the-bafe of B;Ifind 
a mean proportionall, and noteicin B, 28 ihe fide of his e- 
quall ſquare: then between the perpendicular of the'tri- 
angle 4, and half his baſe, Ifind a mean preportionall, and 
note it in A, as the ſideof his equall ſquare. Wherefore now 
as the fide B is to the fide A, foſball the fides of the Rhom- 
boides given be toCandD, the f:des of the Rhomboideere- 
pare and his perpendicular alſo to E,the perpendicular re- 

uired. 
. Having the ſides and the perpendicular, Imay framethe 
Rhomboider up, and it will be equall tothe triangle A. 

If the Swuperfictes given had been any otber right-lined ft- 
gures, they might have been reſolved into triangles & then 
brought into ſquares as before. 

Many ſuch Corcllaries might have been annexed, but the 
means of finding a mean proportionall being knowngthey all 
follow of themſelves. 


7 Tofinda mea: preportionall between two \ 
numbers given. 


Fi reckon the two nnmbers given on both fides of the 
Lines of Seperficies, from the center, and mark the termes 
whereanto they extend ; then take aline out of theLineof 
Lines, or any other ſcale of equall parts reſembling one of 
thoſe num bers given, and pur it over inthe termes of his 
like number in the lines of Swperficies; for ſo keeping the 
SeFor at this angle, the parallel taken from the termes of the 
other number and meaſured in the ſame ſeale from which 
the Other parallel! was taken, ſhall here ſhew the meane pro» 
portionall which was required. | - 

Let the numbers given be 4 and 9. 1fI fhall rake the line 
A,in the diagram of the fixt Prop. reſembling 4 in a ſcale 
of equall parts, andtoit open the Seder in the termes of 
4 ard 4, inthe lines of Experficies, his paralle] between 9g 
and 9 doth give me B for the mean proportionall. And 
this meaſured in the ſcale of equall parts doth extend to 6 

whic 


Vw 


The uſcof the line of Superhicics; 24 
which is the mean propoctionall number between 4 and 9g. 
For as 4to6, ſo6rog. 

In like mannerif I cakecheline C, reſembling 9 in a ſcale 
of equall parts, and toiropen the SeFor in the termes of 9 
and 9, inthe lines of Superficier, his parallel between 4 and 4 
doth give mecheſame lineB, which will prove tobe6, as 
before, ifit be meaſuced in the ſame (ſcale whenceC was 
taken. 

For, the figures 1, 2,3, 4, &c. heere ſet down upon the 
tine, do ſometime lignifie themſelyes alone : ſometime, 10, 
20, ZO» 4Og Kc. ſometime I 00, 200, ZOO, 400, &c. and ſo fore 
ward as the matter {hall require. The firſt figure of every 
numberis alway that whichis here ſet down: the reſt muit 
| beſupplied according to the nature of the queſtion. 

If you ſuppoſe pricks under che number given Cas in 4-ith- 
meticall extraction) and thelaſtprick to the lefe hand ſhall 
fall under the lafl fig. (which will be as ofc as there be odd f- 
gures)the unite will be beſt placed at 1, in the middle of che 
line; ſothe root, & the ſquare will both fall forward,toward 
che end of che line. Butyit che laſt prick ſhall fall under thelaſt 
figure but one (which will be as ofc as there be even Figures) 
chen, theunice may be placed at 1 in the beginning ofthe 
line, and thefquarein the (ſecond length : orthe unite may 
be placed at 10,in the end of cheline,ſotheroot & theſquare 
will both fall backward,toward the middle of the line. 


8 To finathe ſquare rot of a number. 
9 Theroot berng grven to find the ſquare num 
ber of that roor. 


: us the extraQion of a ſquareroot it is uſuall to ſet pricks 
under the ficſt figure, the third, che fifch, the ſeventh, and 
foferward, beginning from che right hand toward the lefc, 
and as many ar asfall cobe under the ſquare number gi- 


ures ſhall be inthe root : fo chat if the num» 
ethen 190, the root (hall be only of oge 
F 2 figure; 


ven, ſo many 
ber given be 
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Ggure3 if lefſe then 10000, it (hall be but two figures; if lefſe 
then 1000000, it ſhall be three figures, &c. 

Thereupon the lines of Swperficies are divided firſt into an 
hundred parts,and if the number given be greater then 100, 
the firſt diviſion ( which before did fignifie only one ) muſt 
fignifie 100, and the whole line ſhall be 10000 parts : if yer 
che number given tothe greater then 10000, the firſt diviſion 
muſt now fignifie 10000, and the who!e line be eſteemed at 
1000000 parts : and if this be too little to exprefſe the num- 
ber given, as oft as we have recourſe to the beginning, the 
wholeline ſhall increaſe it ſelf an hundred times. 

By theſe meanes if thelaſt pricketo the left hand ſhall fall 
under the laſt figure, which will be as oft as there be odde fi- 
gures , the number given ſhall fall out betweenethe center 
of the Se&:r and the tenth divifion:but if the laſt pricke ſhall 
fall under the laſt figure but one, which will be as oft as there 
be even figures, then the number given ſhall fall out be- 
tweene the tenth diviſion and the end of the Ser, 

This being confidered , when a number is given, and the 
ſquare root is required, take a paire of compaſſes and ſetcing 
one foot in the center, extend the other to the terme of the 
number given in one of the lines of Szperficies ; for this di- 
ſtance applied to one of the Lines of Lizes, ſhall ſhew what 
the Squareroot is, without opening the SeFFor. 

Thus 36 doth give a root of 6 and 360, a root of (almoſt) 
19:and 3600, arcot of 60: and 36000, a root of 189,8c. 

In like manner, the neereſt root of 725 is here found tobe 
(about) 27. the neereſt root of 7250, about 85 : the neereſ 
of 7 50e, about 269: and theneereſt root of 725000, about 
851:Andſointhereft. 

On the contrary, a namber given may be fquared, if firſt 
we extend the compaſles to the number given inthe lines of 
Liner, and then apply,the Diſtance to the Lines of Swperficies, 
as may appear by the former examples. 
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10 Three numbers being given to find the fourth 
n 1n 4 duplicated propertion 


T is plain by the 19 and 20 Prop. 6 Ljb.of Exclid. 

chat like Swperficies do hold in a duplicated proportion 
of their homologall tides, whereupon a queſtion being 
moved concerning Sperficies and their fides. Ir is uſuall 
in Arithmetick that the proportion be firit duplica» 
ted before the queſtion be reſolved, which is not ne- 
ceflarie in the uſe of the Ser, only the numbers 
which do fſignifie Szperficies muſt be reckoned in 
the lines of Superficier, and they which fignifie 
the fides of Superficies, in the lines of Lines after this 
manner. 

If a queſtion be made concerning a Superficies, the 
two numbers of the firſt denomination muit be recks 
oned in the lines of Lines: 2nd the Se&or opened in the 
termes of the firft number to the quanticie of a line 
out of the ſcale of Superficics reſembling the ſecond nums+ 
ber ; ſo his parallels raken between the termes of the 
third number , being meaſured in the ſame ſcale of 
Swperficies, ſhall give the Superficiall number which was 
required. | 
As if a Square, whoſe fide is fourtieperchesin length, 
fhall contain ten acres in the Swperficies, and it be 
required to know how many acres the Square ſhould con» 
tain, whoſe fide is faxtie perches. 
. "Here If Iroek 10 out of the line of ficies , and put it 
over in 40in the lines of Lizes, his parallel between 60 and 


60 
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65 a21(ared in the [Ine of Saverfi:ier, would be2225; and 
luch is the numberof acres req tired. For ſquares do hold 
in a duplicated proportion ot their {1 les; wheretore when 
| theproportion of their ſides igas 4to 6, and 4 multiplied 
into 4become 15, and 6 mulciplied iato 6 become 36 , the 
proporcion of cheic ſquares ſhill beas 16 co 36, and ſuch is 
the proportion of 1oto 22 5. 4 
If a field meaſured wich 4 ſtatate perch of 165 foot, ſhall 
contain 288 acres, and ic be required to know how many 
acres it would contain if it were meaſured with a woodland 
perch of 18 foor. 

Here becauſe theproportionall is reciprocall, if Itook 288 
out of the line of Swperficies , and put ic over ia 15in the lines 
of Lizes, his parallel between 165 and 167, meaſured in 
the line of Szperficiesr, would bz 2.42; and (uch is the number 
of acres required. 

For ſeeing the proportion of the ſides isas 16, to 18,or in 
lefſer numbers as 11 to12, andchat 11 multiplied into 1x 
become 121, and 12 into 12 become 144, the proportion of 
theſe Superficies (hall beas 121 to I44, and ſo have 288 to 
242, in reciprocal{proporction. 

Oa the contrary , if a queſtion bepropoſed concerning 
the fide of a Py 90ers the two numbers of the firſt deno- 
mination muſt be reckoned in the lines of Superficier, and the 
SeQor opened in the termes of theficſt number, co the quan= 
Titie of a line,out of theline of Lines or ſome Scale of equall 
parts, reſembling the ſecond numbec ;z ſo his parallel caken 
between the termes of the third number being meaſaredin 

' the ſame ſcale wich the ſecond number, ſhall give the fourth 
number required- 

As if a field contained 288 acres when It was meaſured 
with a ſtatute perch of 165, and being meaſured with ano?» 
ther perch, was found to contain 242 acres, It were required 
to know what was the length of the perch with which it was 
ſo meaſured. | 

Here becauſe the proparcion is reciprocrall, if I cook 16, 
eut of the line of Liner, andÞput is Over in 242 in ahelines 
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of Syperficier, his paralle! between 288 and 988, being mea- 
fured in the line of Lizes,vould ke 18, and ſuch js thelength 
of the perch in feet whereby the field was laſt meaſured. 

For ſeeing the propcrtion of theacres is as 258, unto 242, 
or in the leaſt uun:ber as 144 to 121, and that theroot of 
144 is 12, and the root of 121 is 11 ,the proporticn of roots 
and conſequently of the perches ſhall be as 12to 11, and 
ſoare 165to18,In _—_—_ _— 

If 360 men were to beſet in forme of a long ſauare 
Gdes thall have the proportion of 5 to $; je, it hen 
quired tokncw the number of men to be placed in frong 
and file : If the fides were only 5 and 8, there ſkeu!d be but 
40 men; but thereare 360: therefore, working as before, I 


End that. 
Ax 40 tOthe ſquare of 5, 


ſo 360 to theſquareof 15. 


As zoto the ſquareof 8, 
ſo 360tothe ſquare of 24. 


and fo 15 and 24 arethefides required. . 
If 1000 men werelodged in a ſquare ground, whoſe fide 
mow 6c ou and it __ ” —_ know the fideof the 
ware wherein 5000 might be ſo lodged, here worki 
before, ſhould find ho _ Es. 
As 1000 are to the ſquare of 60: 
ſog ocoto the ſquare of 134 
And ſuch very near is the number of paces required. . 


. CHAP. IV. 
T be uſe of the limes of Solids. 


1 Tofind 4 proport 107 tetneen moor morelike $ olids. 
N the Sphere, in regular, parallel, ard other like bedies, 


L w hoſe fides next the <quall apgles areproportionall,the 
work 
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work is ina mannertheſame, with chat in the ficſt Prop. of 
| Superficies, but that ic is wrought on otherlines. 

Takeone of the fides of the greater Solid, & according to 
it opeu the Seer in the points of a 1020 & 1000, In the lines 
of Solids, then takethe like fides of the lefſer Solids ſevere 
ally, and carry them parallel to the former, tiil they ſtay in 
like points, ſothenumber of potats wherein they ſtay, ſhall 
ſhew cheir proportion to 1000, 
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Let A and B, be thelike fides of like Solids, either the dis. 
amerers, or ſemidiameters of two ſpheres,or the fides of ewa 
cubes, orotherlike. Ficſt Itake the fide A, and coitopen 
the SeGor in the points of 1000, then keeping the SeGer at 
this angle, Llenter che leffer fide B, parallel co the former, 
and find ic to crofſethe line of Solids in the points of 400, 
and ſuch is the proportion betweea the Solids required , 
which in lefſer numberis as5 to 2. 

This propofition might have been wrought by 60, or any 
other number that admits ſeverall divifions. 

It may alſo be wrought without opening the SeFor, for if 
the fides of the Solids given, beapplied tothe lines of So/;dr, 
beginning alwaiesatthe center of the SeFor, there will be 
ſuch proportion between them , as between the numbers 
of parts whereon they fall. 


.2 To augment 4 Solid in a ghvenpropertion. 
3 Todimini(h a Solid in a given proportions 


5 the fide of the Solid given, and to is open the 
SeFor, in the points of the number given: chen keeping 
the SeAor at that angle, the parallel diſtance between the 
points of the number required, ſhall give the like fide of che 
Solid req ulred. | | 


_ 
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# If jt were a parafel ppipeden, or forms IfFeeuler Sold, the 
other like fides may be. found out in the fame manner, and 
with them the Solids required, may be made up ith the ſane 
angles, 


CA, — — —M_ 


Let A. bethe ſide of a Cube, to be augmented in the pro- 
. portion of 2 to 3. Firlt Itakethe fide 4. and put it over in the 
Lincs of So/;ds in 2 and 2, fo the para!lel berween 3 and 3, doth 
give me the (ide B- on which it I make a cube, it will have ſuch 
Proportion to the cube of A, as 3 to 2. 
- In likemanner , if B, were the diameter of a Sphere , tobe 
diminiſhed in the proportion of 3 to 2, I wonld take our B, 
and put it over in the lines of Solids, in3 and 3, fo the pa- 
rallel between 2 and 2, would give me A. to which dia- 
meter if I ſhould make a Sphere, it would be lefle than the 
IPncre, whoſe diameter is B. iy ſuck proportion as 3 is leſſe 
tnen 3, 

_ alſo for variety of work, may the likecaution be obſerved 
tothat which we gave in the third Prop. of Lines. 


4 To adae one like Solid to another. 
5 Toſubſtract one like Solid from another, 


Irft the proportion between the ſides of the like Solids 
given, isto be found by the firſt Prop. of Solids : thenadde 
or ſubſtrat choſe proportions, and accordingly auginent ar 


diminiſh by the former Prop. 
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| Loy "he ——_ 
was required, 


As if A and B were the ſides of ewocubes, and it were re- 
quired to make a third cue equall to them borh : firſt rhe 
proportion berween the ſides A and ZB, would be found ro 
be as 100 to 4o, orin lefler cermes,as5 to 2, Then becauſe 5 
and 2 being added doe make 7, I augment the (ide A in the pro- 


porrion of 5. ro 7, anoprey uce the fide (7, on which if e 
*"" acude, It will be cquall to both the'cubes of 4 an h 
oceans wg: »mnnnt rmermergn oe s T7 1% mo BEET a; RY FE, . 


in like manner Aand B being theſides of two cubes, if it 
were required to ſubltrat the cube of Z ont of the cube of 
A, and to make a cube _ tro the remainder, Here the pro- 
portion being as 5 to 2, becauſe 2 taken outof 5, the remain» 
der is 3, I ſhoulddiminiſh the fide A'in 4 2thpes of 5 
to 2, and fo I ſhould have the ſideD, on which if fmakea 
cube, it will be equall to the remainder, when thecube of B 
is caken out of the cubeof 4, that is, the ewocubes maden 
- Band D, ſhall be <quall to the firk cube made upon the 
ide As 1 my 


- 6 To find ivo mean proportionall lines between two 
extream lines given. ws: 
| ra I find what proportion is between the two extreatn 
lines given as they are lines, by che fifth Prop. of Lines, 
then open the Seftor in thelines of $9/idr, tothe quantity of 
the formerextream, "and a parallel between 'the"-pornts. of the 
number belonging to the other extream, ſhall be that meane 
proportionall which is next the fortmcr extream. This done, 
open the SeFor again to this thean proportionall in the points 
of the formmerextream', 'and- the parallel diſtance between the 
points of the latter extream , ſhall be the other mean ptoportis= 
nall required, 
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Let the two extream lines given be Aand D, the propor- 
tion between them, as they are lines, will be found to be ag 
27to8, Wherefore I take the line A, and pnt it over in the 
lines of Solids between 27 and 27, and keeping the' SeFor at 
this angle, his parallel between 8 and 8, doth give me B, the 
mea proportionall nextunto A, Then put I over this line B, 
between the aforeſaid 27 and 27 ,and his parallel between 8 and 
8 doth give me the line C, the other mean proportionall which 
was required, | 

Again, for proof of the operation I put oyer this line C in 
the aforeſaid 27 and 27, and his parallel between 8 and 8 doth 
give methe very line D, whereby ir is plain, that theſe four 
lines doe hold in continuall proportion ; and ſo B and C are 
found to be the mean proportionals between A and D the exe 


treams given. 


7 To find tiwomean proporttonall numbers between 
two extream numbers given. 


| 2 reckon the numbers given on both ſides of the lines of 
 & Solids, beginning from the center, and marking the termes 

whereto they extend : then take a line ont of the line of Lines, 
or any other ſcale of <quall parts reſembling the former of 
thoſe numbers, and put it over inthe lines of S9/ids, between 
the points of his like number, and a parallel between the 
points belonging te the other extream, meaſured in the ſcale 
trom whence the other parallel was taken, ſhall give that mean 
proportienall number which is next the former extream.” This 
done, open the Sefoy again to this mean proportivnall in the 
points of the former extream , and the parallel diſtance be- 
tween the points of the latter extream, meaſured in the ſame 
ſcale as before, ſhall there ſhew the other mean proportionall 
required, 
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Let the two extream numbers given be 27 and 8, if I 
ſhall cake the line A, reſembling 27 in a ſcale of equall parts, 
and to it open the SeForin 27 and 27, in the line of Solids, 
his parallel between 8 and 8 doth give me B for his next 
mean proportionall , and this meaſured in the former ſcale 
doth extend to 18. Then pur over this line B between the 
aforeſaid 27 and 27, and his parallel between $8 and 8 doth 
give me C for the otaer mean proportionall , and this mea- 
ſured in the former ſcale doth extend to 12. Again , for 
proote of my work, I put over this line C berween 27 and 
27, as before, and his parallel between 8 and 8 doth give 
me D, which meaſuredin the former ſcaledoth extcnd to 8, 
which was the latter extream number given z whereby it 1s 
plain, that theſe four numbers doe hold in continuall propor- 
tion : and therefore 18 and 1 2 are mean proportionals berween 
27 and 8, which was required, 

If you ſuppoſe pricks unter the number given as in aricb- 
meticall extraction, and that laſt prick to the lefr hand ſhall 
fallunder the laſt figure,as in 1728,the unite will be lefc placed ar 
1, in the middle of the line, and the Rect {quare and cube will 
all fall forward toward rhe end of the line. 

If che Jat prick ſhall fall unler rhe 1a& figure but one, as 
in 172f0, the unite may be placed at x, in the beginning of 
cheline, and the cube in the ſecond length : or the unite may 
be placed at 10, in the end of the line, and the cube inthe firlt 

ength. 

But if che laſt prick (hall fall on the laſt figure but ewo , as in 
17: 800, then place the unite alwayes at 10, in the end of the 

line: fo, the Root ſquare and cube will all fall backward, and be 
found in the ſecond length. 


8 To find the cubique root of a number. 
9 The root being given to finde the cube number 
; | of that root, 


Þ the extraction of a cubique root, it is uſuall to ſet pricks 
under the firſt fizure , the fourth , the ſeventh and tenth, 
and 
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and ſo forward, omitting two, and pricking the third from 
the right hand toward the let ; and as many -pricks as fall to be 
under che cubique number , ſo many figures ſball be in the 
root, So that it the number given be leſfe then 1000, the 
reot ſhall be onely of one figure ; if lefls then 1co0000, 1t 
ſhill be bur of ewe figures ; if above theſe, and lefle then 
100000000, it ſhall be bar three figures , &c, whereupon 
' the lines uf Solids are divided, firſt into 1000, parts, and it the 
numbe:s given be greater then 10:0, the tiſt diviſion (which 
betore did fignifie onely one) mult figniftie 1000, and the 
Whole line ihal! be 1000000: if yer the number given be 
greater then 1ccooco, the firſt diviſion muſt no w lignitie 
I 000000, and the whole line be eſteemed at 1000000000 
parts, and if theſe be roo little to exprelle the numbers given, 
as oft as we have recourle tothe beginning, the wh ole line (hall 
cncreaſe it ſelfe a thouſand times, | 

By cheſe meanes , if the laſt prick to the ft hand, ſhall fall 

under che Jaſt figure , the number given ſhall be reckoned 
at the beginning of the lines of Solids from 1 to 10, and the 
firſt figure of the roote ſhall be always eithcr 1, or 2, If the 
laſt prick tha!l fall under the lat figure but one , then the 
number given ſhall be"reckoned in the middle of the line of So- 
lids, between ro and 100, and the firſt figure or. the rout ihall be 
alwazes cither2, or3, or 4, Butit thelaſt prick (hall fall une 
der the laſt figure bur rwo, then the vumber given, ſhall be 
reckoned at the end of the line of Selrds, between Ico, aud 
Ioo0, 

This being conſidered when a nua ber is given , andthe cn- 
bique root required ; Ser®one foor of the compaticsin the 
center of the Sefor, extend the other in the line of Solids to 
the poin:s of the number giver : for chis diſtance applyed to one 
of the lincs cf Lines, thall ihew what the cubique root is, with- 
OPt OPEning tac Seftor. 

© the necre[{t root of $495coo, is about 204. 


The neereit root of $49c 2500, '5 : bout 439. 
The neereit root of $8450900c0,is abuu: 947. 
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On the contrary, a number may be cubed, if firft we extend 
the compaſſes to the number given in the line of Lines, and then 
8pply the 4iſtance tothe lines of Sol;ds ; as may appear by the 
former examples, | 


10 Three numbers being given to find a fourth in « 
triplicated proportion, 


A; like Swperficies doe hald ina duplicated proportion, fo 
like ſolids 4n a triplicated proportion of their homologall 
fides ; and therefore the ſame work: is to be obſerved here on 
the lines of So/zds, as before in the lines of Swperficies ; as may 
appezr by theſe rwo examples, 

If a cube, whoſe ſideis 4 inches, ſhall be 7 pound weight, and 
if it be required to know the weight of a cube whole (ide is 7 - 
inches, here the proportion would be, 


As 4are to acubeof 7, 
ſo 7 toa cube of 37%, 


And if I tooky outof the lines of Solids, and putitover in 
4and 4, in thelines of Lines, his parallel berween 7 and 7 mea- 
ſured ” the lines of So/ids,would be 372, and ſuchis the weight 
required, 

"Tf 2 bullet of 27 pound weight have a diamiter of 6 in» 
ches , and it be required to know the diameter of the like 
bullet, whoſe weight is 125 pounds; here the proportion 
would be, 


As the cubique root of 27 is unto 6. 
Sothe cubique root of 1 25 15 unto 10. 
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And if I took 6 out of the line of Lives, and put it over in 27 
and 27 of chelines of So/ids, his parallel between 125 and 125 
meaſured in the line of Lines, would be 10, and ſuch is the 


length of the diameter required. 


T he end of the firſt Book, 
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N the Canon of Trias ' a Circle is commonly divided 
into 360 degrees, each degree into 60 minutes, mm minute 
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A ſemicircle thereforeis 1s an a Ark of as &r: oY oh 


Fo Of the nature 'of Sines and 'Tangents; 

A quadrant is an ark of 90 pr. 

- The meaſure of an angleisrhe -arke'of a circle deſcribed 
out of the angular point, intercepted between the ſides ſuf- 
ficzently produced. .;  { - Es E 

So the meaſure of a right angle 1s alwaies an ark of 90 
er. and in this example the eafirs of the angle BAD is 
the ark BC of 40 gr. the meaſure of the angle BAG, is the 
arke BF of 50 pr. | | 

The complement of an ark-or ofan angle doth common-. 
ly -ſignifie the ark which the given ark doth want of go 
or. and ſo the ark BF, is the complement of the ark B C, 
and the angle B A F, whoſe meaſureis B F is the complement 
_ of theangle BA C, and on the contrary. 

The complement of an ark or angle in regard of a ſemi- 
circle, ts that ark \which the given ark wantech -to 'make up 
180 gr. and ſo theangle E AH is the complement of the 
angle E AF, as theark E His the complement of the ark 
{5 in. which the ark C E is the exceſſe above the qua- 
—_— NL gs >" ONE | raft? 

The proportions which theſe arks ( being: the meaſwwes 
of angles ) have to the ſides of-a triangle,cannot be certain, 
-- unfeffe that which is crooked be brought to a ſtraight line, 
- and that-may be done by the application of Chords, Right 
| Songs; verſed Sines, T angguts and Secants, to- the ſemidiame-- 
-r&cof x direle; cent rem mnnee- * 

A'*Chord is a right line-ſubtending an ark;*ſo B E is the 
chord *of the ark BC E, and B F.a chord\of the arke- 
B F. Ed 

A right Sie is halfthe chord of the double arke, viz. the 
right line which falleth perpendicularly from the one ex- 
rreme of the given atk, upon the diameter drawnito the 
other extream of the ſaid ark.. WE 

So if the given ark be B C, or the given angle be BAC, 
- let the diameter be drawn through the center A unto C, 
and a'perpendicolar BD be tet down from the extream B, 
upon A C, this perpendicular B D ſhall be the right fne- 
oth of thEa , 2 iicof CD GG bn 

a 


de tea ae en 
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alfo the halfe ofthe chord B F, fubtending the ark BCE, 
which is double to the given:ark B C;, In like manner, the 
ſemidiameter F A, is the right fine of the ark F C, and ofthe 
right FA C; for it talleth perpendicularly upog A C, 
and it isthe half of the chordF H, * 

This whole Sine of 990 gr is. hereafter called. Radinr, but 
the other Sines raketheir denomination from the degrees 

' and minutes of their arks. | 
: Sina Verſns, the ver fra ſixe is a ſegment of the diameter,ige 

-tercepted between che right foe of the ſame ark; and'ther}- 
comference of: the circle, So D C\is the ver{ed fre Of rfl 
arke CB,and GF the-werſed fre of the arke B F, and GH 
the- verſed ne of the ark BH, OS 

7A T angent-is 6 right:line perpendicular to! rhe diameter, 


drawn by rhp one-eatepam: of jhe giyen 3rke, and terminae 
ed by the /ecaxr drawn from the.center through the other 


extream of the {aid ark. .,, —_ RR 
A Secant is a right line drawn from the center, through 
one extream of the given ark, till it meet with the "—_— 
_ from the diameter. at the ofher 'extream of the faid 
So if the givenarke be C E, orthe given angle beCAE, 
let the diameter be drawn through the center Ato C, and 
in Cto AC, be raiſed-aperpendicular CI, Then let ano» 
ther line be drawn from the cemer A through E, till it meet 
with the perpendicular C I inl; the line C 1 is a Tangent, 
and A 1 is the Secant both of the ark G B; and of the 
angle CAE, | TR | 


*, ; 2 Jong i ef Sines and "Tangents 
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5191 10 {,.i4 «rt1 
b> "The, Reaila hs "Bring Eninih.1 t0: findthe right Sine 


"of any arke or angle. 


Radius of the | circle given be-equal].to the FRET 
Fhete3jc Hide ist 0 the ef of $34es on the SÞ&orghexe 


needs 0 farther, work,” bur [to take'the other ſines alſo our 
S - ſide of the Ser: Bur. if it be __ _ or leſler, 
en &'s be Mm rallel ire applying it over in 
lighs 3 PR betean'g indid 9; A {54 parallel ken 
So A FnKG bethe/fine- required. : 
Hg if thes CN EO, 1#c:arndtitwere required. to. Gal 
el line, of 56 gr- and his Peet. 5 OO to that Rz- 
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Let-A B, A B repreſentthe lines of ues on th 
e Seft 
leeB B, the diſtance between 90 and ſo be qual _ 


given 
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given Radius 4 Ci Here the lines 440, A 50, Ago may ge 
called the /aterall ines of 40, 50, and 90, in regard of tir 
place on the ſide of the Se&or, The lines between 40 and 40, 
between 50 and 50, between 90 and 99, may be- called. the 
parallel ſines of 40, 50,and g9,in regard they are parallel one 
to the other. The whole ſine of 90 g7. here ſtanding for the 
ſemidiameter of the circle may be called the Radius. And 
therefore if A C be put over in the line of S;zesin 90 and 90 - 
and ſo made a parallel Radzxs, his-paralle) fine between 50 
and 50 ſhall be B D, the ſine of 50 required. And becauſe 
50 taken out of g0,the complement is 4O, his parallel nes be- 
tween 40 and 40, ſhall be B G, che ſine_of the complement 
which was required. . 


2 The right Sine of any ark being- given. 
to finde the Radius. 


'F Urn the ſine given into a paralell ſine, and his parallel 
Radens- ſhall be the Radizs required. | 

As if Þ D were the given ſine of 50 gr. and it were requi- 
red to - find the Radixs, let B D be made a parallel ſine of 
50:gr. by applying it over inthe lines of Sizes between 50 
and 5o, ſo his parallel Radizs between 90 and go ſhall be 
A.C, the Radix required. | | 


F1 


4 > 8 (F ; : 2 af: 
3. The Radius of a Circle or the right Sine of any ark . 
being given ,and a ſtraight line reſembling a Sine, 
10. find the quaniity of that unknown Sine. 


| the Radius or right ſine given be turned into his pa- 
ralle], then take the right line given, and carrie it paral- 
lel to the former, till it ſtay in like Szzes, ſo thenumber of 
degrees and minutes where it ſtayeth ſhall give the quantity 
of the Sine required. 

Asif B' D were the given ſige of 50. gr. and B G. the 
ſtraight line given, firſt 1 make B Da parall] ſine of LF 
. then keeping.the Sector at this angie, X carrie the line BG 
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Parallel, and find jt to ſtay in- no other but 49. and 40.and 
therefore 49 27 is his quantity required. | 


4 The Ragins or apy right Sine being giyen, is find 
the verſed ſine of any ark, 


the arke, whoſe verſed ſine is required, be lefſe than the 
quadrant, take the ſine of the complement our of the re» 
dias, and the remainger ſhall berhe Snwe verſa, the verſed 
{ine of char ark. | | 

Asif A B being tho laterall Red/ws,it were required to find 
the verſed fine of 49 gr. here the ſine ofthe complement is A 
5O, and therefore Bo is the verſed ſine required. Or if I 
reckon from B atthe end of the Sector, toward the center, 
the diftance from go to 80 is the verſed fine of 10 & from 
90 to 70, the yerſed fine of 20 gr. fram 99 to 60 is the ver- 
ſed fineof 3H gr, and ſo in the reſt, ; 

If AD be the given fine of 50 gr, and it be required to find 
the verſed ſine of 50 pr, here becauſe A D is nnequall to the 
Jarerall ſine of 50 gr. I make it a parallel, And firft I find the 
radius A C, then the ſine ofthe complement A 40, which 
being taken out of AC, leaveth C 49. for the verſed ſine of 
50. gr, which was required. 

But ifthe arke whoſe verſed ſine is required, bee greater 
thanthe quadrant, his verſed ſine alſo is- greater than the 
Rading, by the right line of his exceſfe above go pr. 

As if A C being the Radius given, ie were required to find 
the verſed ſine of 130 gr. here the exceſſe above go gy. is 40 
& and therefore the verſed ſine required is equall to the Re- 

»y A Cand A qo, both being et together, | 


5. The diameter or Radius being given to finde 
; the Chords of every arke. 


| - | He fines way be fitted many wayes to-ſerve far chards. 
' #- 1, Aſinebeingthe half of the chord ofthedouble arke, 
if the ſine be'doubted, ie giveth the chord of the double ark, 
4+ e Pe : "1 
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4 Sint of 10gy. doubled giveth a Chord of 20 gr. anda Size 
of 25-gr. being doubled giveth a Cherd of 30 gr. and fo in 
the reſt. As here B D, theſine of B C, an ark of 40 gr. being 
doubled giveth BE the chord of BCE, which is an ark of 
80 gr. Wherefore if the Radius of the circle given be cquall 
co the laterall Radius, ler the Se&or be opened near unto his 
length, ſo that both the lines of Sizes may make but one dt- 
rect line: ſo the diſtance on the ſines between To and 10 
ſhall be a chord of 20, the diſtance between 20 and 20 ſhall 
bea chord of 40, and the diſtance between 30 and 30, ſhall 
be a chord of 60, and ſo inthe reſt. 

2. Becauſe a ſine is the half of the chord of the double 
ark, the proportion holdeth. 


C 
9 

; E 

a4 
'E 
| 

6 [Ci 34 =} : 
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' As the diameter F H unto the Radius A H, fo the chord 
B.E unto the ſine D E, orthe chord GL unto the fine AL, 
and then if the Radius AH, be put for the diameter, which 
is-4 chord of 180gr. the ſine D E or AL, ſhall ſerve for a 
chord of 80 gr. and the ſenuradius which is the fine of 30 gr. 
ſhall ſerve for a chord of 60 gr. and goe for the ſemidiameter 
of acircle;and ſo in the reſt. So that by theſe meanes we ſhafl 
net.need to double the lines of Sizes as before, but onely to 
double the nembers. And to this purpoſe I have —— 
CAC 
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each degree of the fines into:two,: that ſo'they might ſhew 
'how far the half degrees do teach in the ſines, and yer ſtand 
for whole degrees when they are uſed as chords. 

Wherefore if the Radius of the-circle given be equall to 
the laterall ſemiradius (the ſine of 30 gr.and chord of 60;gr, 
there needsi'no farther work, then to take the ſine of-10 gy, 
fora'chord of 20 gy. and a ſine of 15 gr. for a chord of 3ogy. 
XC. 9p 
But if the Radius of the circle given be either greater or 
leffer then the lateral ſemiradius, take the diameter of it, and 
make it a parallel chord. of 180 gr. by applying it over the 
lines of S:5zes between 90 and 90 or take the Radius or Semi- 
diameter, which is equall to the.chord of. 60 gy. and make it 
a parallel Radius of 60 gr. by applying it over inthe fines of 
30 and 3oand keep the SeRtor at this angle. The parallels 
_ from the laterall chords ſhall be the chords requi- 
red. 
As if the diameter of a circle given were the line A 3, 
and it were required to find the chord of 80 gy. Firft,I make 
A Ba parallel chord of 180 gr. or the half of it a parallel 
chord of 60 gr. ſo his parallel LG doth give me F & the 
chord of 80 gr. which was required. 

3 Secing that as the ſine of rhe complement of the half 
arke is unto the Radizs, ſo the ſine of the ſame whole arke 
is unto the chord of it : If we ſeek bur for one ſingle chord, 
we may find it without either doubling the fines, or;dou- 
bling the number. For applying over the Radius Frepin 
the fine of the complement of half the arke required, his pa- 
rallel ſine ſhall be the chord required. w— 

" Asif the ſemidiameter of the circle given were A C, and 
it were tequired to, find the chord of 40gr-the half of 40 gr. 
is 20 gr. the complement of 20 gr. is 70 gr. Wherefore I 
make A'C a parallel fine of 70 yr. and his parallel fine GL 
doth give me F G, the chord of 40 gy. agreeable to the ſemi- 
oighhoter AC -.** - ? 


| Having 


Having iwo right lines reſembling the Chord and ver- 
ſea Sine, to find the Diametcr and Radius. 


Let the two right lines given be A 
B,reſembling the chord,C D, the 
verſed ſine of a circle, whoſe arch 
A C Bis unknown : and let it be 
required to find the diameter CF. 

- Having 2 lines given, the firſt 
CD,the ſecond AD the half of 
A B, we may find a third in con- 
tinual proportion(by the 6 or 9 
Prop. of the lines ) and that ſhall 
be the line D E:(18) the fum 


whereof, and of C D giyes the diame 
half thereofis the Radirs ( EC). 
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ter CF (20) and the 
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6 The chord of any Ark being given to finde the 
: Diameter and Radius. | 


x | Urn the chord givenunto a parallel chord, and his pa- 
ralle! Semiradius ſhall be the ſemidiameter, and the pa- 
rallel Radius ſhall be the diameter. 7 
As if F G be the chord of Bo gr.. I put this dver in G and 
L, the ſine of 40, and chord of 80 gy. and the parallel chor 
of 180.g7. giveth me AB the diameter required. | 
Or if 1 turn thechord given into a parallel ſine” of tte 
ſame quantity, his parallel ſine,of the complement” of Half 
the ark, doth give me the ſemidiameter. : 
As if F G be the given chord of 40 gr. I put it over mG.. 
and L. the fines of 40. gr. then becauſe the half of 40 gr. is 
20. gr. and the complement of 20 gr. is 70 gt. I take out the 
parallel fine of 70 gr. and it giveth me A B for the ſemidia- 
Tieter, agrecable to that chord of 40 gr. R 
7. Having the Diameter of an Ellipſis, #0 deſcribe 
the ſame upon. a plain. 


'F each Semidiameter bedivided in ſuch ſort as thelifie of 
Sines is divided upon the SeFor, and right lines drawn 
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through each diviſion perpendicular to thoſe ſemidiameters 
like unto ſines; The points where the ſines drawn through 
the one ſemidiameter do meet the fines of the complement 
drawn through the other Semidiameter, ſhall be the points 
through which the Ellipſis is to be drawn. 

Let the diameters be A B, BE, one _—_ the middle 
of the other, in the point -C. Divide firſt the ſemidiameters 
C4A,CB, then the ſemidiameters C D, CE like unto 
the lines of S:ines upon the Sefor, by the 8 Propoſition 
of Lixes : So, the Ellipſis ſhall be drawn through the points 
at the meeting of the Sines of 10 and 80, of 20 and 70, 
of 30 and 60 &c. 

Or ( without the help of the line of $:zes ) we may draw 
the circle AFB nponthe center C, and femidiameter A C. 
For ſo, croſling the diameter A B with ſeverall perpendicu- 
lar lines continued unto the circumference of the crrcle, if 
we divide theſe perpendiculars on either ſide of the diameter, 
in ſuch ſorr as the greater ſemidiameter C F is divided by the 
leſfer, in the point D, and draw a line winding through all 
thoſe points, the line ſo drawn ſhall be the Ellipfis. 

Or (without the help of the Selor ) we may with the 
Radius A C, upon the centers D and E, deſcribe two occuſt 
arches meeting in the points K and L. Then taking be- 
tween C and K, any number of points 4 XN, we may 
from the centers K and L, with the ſemidiameter M B de- 
ſcribe four occult arches, and with the Radius A. M. and 
the ſame centers K and L, crofſe them again with other four 
arches in the points at 0. In like manner, from the ſame cen- 
ters K, and LZ, with the Radius N B, we way deſcribe 0- 
ther 4 occult arches, and with the Radius A XN, and the 

former centers crofle them again , with four arches ja che 
points at P, and ſo draw the Ellipſis through the points 0 
P. &c. 

This is ( in effe& ) as wee ſhould tye a thred a- 
bout A and L, and then draw it eaſily from the point 


TI 2 A 
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A, round abuurt the two former centers. X and L, untill ir 

. were brought to the point 4 again, which is alſo an eaſie 
way to deſcribe an Elhpfes. 

The diftance of theſe former points from either Semidia- 
meter may be ſet down in numbers. For, ſuppoſing the 
leſſer Semidiameter CD tobe 10, thegreater (CB) to be 
16. ( or otherwiſe ) divided into any number of knowa 
points) If we-have the: proportion between C G and C R, 
we may find the length of the perpendicular G 7. If the pro- 
portion be as 1 to 2, the perpendicular will be 8. 66. 

If the proportion beas 2 to 3, the perpendicular will þe 
about 7, 45. 


As the greater ſemidiameter CB - 


to the part gtven CG. 
So 100000, the Radius CB 
to the fine. of CG = 
whoſe complements GH 
As the Radius C F. 
to-the ſine ofthe complement_G H:: 
So the leſſer ſemidiameter . C D: 
to the perpendicular G 1' 


The ſame may alſo be. found without knowing the ines. 
For the perpendicular, GH is a mean proportional between 
AG and G B: which being known ... _ HT 

AsC F unto ED, fo isG Hunto -G I. 


8. To open the Sedtor tothe. quantity of any 
angle given. 
9. The Setter being opened, to find the quantity | 
| the angle. ' 


[ 6 is one thing to open the edges of the Seftor to an angle, 
and another thing to open the lines on the Seor to the 
fame angle.For the lines of /;zes on the one ſide,and the lines 


ef fines on the other ſide, do make an angle of 2 gr.when " 
; SCOURT 


I 


ps 
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Lecor is cloſe ſhut, and the edges doe make no angle at all- 
So likewiſe the lines of Swperficicrand the lines of Solids doe 
wake an angle of 10 gr. which, are-to be allowed to the 
edges. 8. Fg | -10,<D 

The lines of /ines may be opened to a right angle, if: the 
whole line of 100 parts be applied over in 8oand 66. _ 

The line of ſ;zes may be opened to a right angle, if the 
large ſecant of 45 gy. be applied over in the fines of 90 gr.or 
if the ſine of g0.'be applied over in the fines of 45 gr. or if 
the ſine of 45 gr. beapplied over in the fines of 30. gr. 

If it be required to open thoſe lines to any 'other angle, 
take out the chord thereof, and apply it over in the /ermira- 
dixs, and thoſe lines ſhall be opened to that-angle. 

As if it were required to . open the SeQtor in the lines of 
fines to an angle of 40gy. take outthe chord of 40 gr. and 
to it openthe SeQor in the chord of 60 g7. ſo ſhall the lines 
of fines be opened to the angle required. Or if the ſame chord 
of 40 gr. be applied over between 50, and 50, in the lines 
of lines, they ſhall alſo be opened to the fame angle. If it be 
applied over in 25 of the lines of Syperficies, or 125 in the - 
lifts-e£_S-/:ds, they.alſo ſhall be opened to the ſame angle : 
becauſe the chord of 60 Gy. or ſine of 30Gr. and 50 in the - 
lines of /izes, and 25 inthe hnes.of S»perficies, and 125 in the 
S«lids, are all of the ſame length with the-Semriradizs. 

Or if the Semmiradiun: be applied over between the ſine of 
30 gr. and the ſine of the complement of the: angle requi- 
red, it will open the lines of $:zesto that angle. 

As if the Semiradixe be applied over inthe fines of 30 gr. 
and the ſine of 50 gr. itſhall open the lines of Srzes to.an an- 
Sle of 40 gr. D 

On the contrary, if the Se&o7 be opened to. an angle, and 
it be required to know the quantitie thereof, open the com- 
paſſes to the-ſemiradins, and ſetting one foot in the ſine of 
30. Gy. turn.the other toward the other line of /zes, and it 
ſhall fall there in the complement of the angle ; if it fall on 
5Ogr. theangle is 40 gr. if on 60 gr. the angle is 30' gr. &c.. 

'- Or takeover the parallel chord of 60 gr. and meaſure it : 

I in - 
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in the laterall chord, 'and it ſhall there ſhew the quantity of 
the angle. As if the Sefor being opened to an Angle, 1 
ſhould take over the parallel of 30. Gy. of the fines, and 60 
Gr.0f the chords, and meaſure it in the laterall chords, find it 
to be 40. Gy. the angle comprehended between the lines of 
Sixes''s 40 Gr. but the angle between the edges of the Se- 
. Roris 2 gr.leffe, and therefore but 38.Gr. 


TO To finde'the quantity of any angle given. 


on the angular point, to-the quantity of the Sems- 
2 radige, be deſcribed an occultark that may cur both ſides 
of the angle, the chord of this ark, meaſured in the laterall 
. chord, ſhall give the quantity of the angle. 

Let the angle given be B A C: Firſt I take the Serirading 
- with the compatlſes, and ſetting one foot in A, I cut the 
. fides of the angle in B and C,then l take the chord Z, C,and 
. meaſure it in the laterall chord, and I find it to be 11 Gy. and 
.I5 A. and ſuch is the quantity of the angle given. 


LL 


- 
» 6 OY 
. FS 
. 
[- 
» 
- 
I - 
©: £% 
s 


ah 


Ws _ : - _ 


Or if the ark -be deſcribed out of the angular point at a- 
ny other diſtance, let the ſemidiameter be turned into a pa- 
ralel chord of 60 Gy. then take the chord of this ark, and 
carry it parallel till it croſle in like chords © ſo the place 
where it ſtayeth ſhall give the quantity of the angle. 

As in the former example, if make the ſemidiameter 4 Z 
a parallelchord of 60 Gy. and then keepins the Sedor at that 
angle, carrie the chord B C parallel till it ſtay in like chords; 
I ſhall find it to ſtay inno other but 11 Gy. 15 2.and ſuch 


15 the angle B AC. 
II 
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11 Upon a right line and a point given in it, to make 
an angle equall to any angle given... 


;r{t out of the point given deſcribe an ark, cutting the 

ſame line : then by the 5. Propafore,find the chord of the 
angle c:ven agreeable to the ſemidiametrer, and inſcribe it 
into this ark : 10 a right line drawn through the point gi- 
ven, ant e16 end of this chord;ſhall'be.the fide that makes up 
che angle... | S051} 

Let the nghcline'given be A B, and the point given 1n 
it. be X,/and-ler the angle given be 11 gr. 15 m. Here I open 
the compaſfes to any ſemidiameter A Z, (but as oft as1 may 
convententiy to the laterall ſemiradius) and ſetting, one foot 
in 4;I 'deſtribe an; occult arke Z: C, then-I ſeek out the 
chord 'of 11 g#. 15 #5. anditaking it with the compaſles,1ſet 
one foot in Z, the other croffeth the ark: in 'C, by which 1 
draw the line AC, and it- makes-up the angle required. 


12, To divide the circunyference of a circle: 
| into any parts required. G24 


F 560 the meaſure of the whole circumference be divided - 
by the number of parts required, the quotient giveth rhe 
chord , which being found will divide the circumference. 
.Soa chord of 120 gy. will divide the circumference into 
3 equall parts; a chord of g0gz.into 4 parts;a chord of 72 gr. 
in 5 parts; a chofd of 60 gr.into 6 parts, a chord of 51 gr. 26 
into-7 parts, @ chord of 45 gr. into 8 parts; a chord of 40 gy. 
into 9 parts, a thotd of 36 gy. into 10 parts, a chord of 32.g7. 
44 m. into 11 parts; achord of 30 gy. into 32. parts. _ 
-:In like manner if jt-be required to divide the crcumference 
oF, the circle whoſe femidiameter is AZ, into 32: firft1 take 
the ſemidiameter A, FB, and make it a paralle] chord of 60 gr. - 
then becauſe 360 g#. being divided by 32 the quotient will - 
be11 gr. 15 w.. find the parallel chord of-11 gr: 15-7, and. 
this will divide the circumference into. 32. | _ 
# we. 
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But here the parts being many, it were better to divide it 


firſt into fewer, and after to come overit again. As firſt to 


divide the circumference into 4, and then each 4 parts into 
8,or otherwiſe, as the parts may be divided. 


13. To divide a right line by extream and 
wean proportion. 


| Ha line to be divided by extream and mean proporti- 
on, hath the ſame proportion to his greater ſegment, 
as in figures inſcribed inthe ſame circle, the ſide of an hexa- 
gon a figure of ſix angles,hath to a ſide ofa _—_— figure of 
ten angles : but the ſide of a hexagon is a chord of 60 gy. and 
the ſide of a decagon is a. chord of 36 gr. Mt 
Let A B be the line to be:divided; if I make A Z a paral- 
ſel chord of 60 gy. and to this ſemidiameter find A C a chord 
of 36 gy. this A C ſhall be the greater ſegment, dividing the 
whole line in C, by-extreme and mean proportion. So that, 
As A Bthe whole line isunto A C the greater ſegment : 
So A C.thegreater ſegment unto'C F the.leffer ſegment. 
Orlet A C bethe greater ſegment. given : If I make this 
a parallel chord of 36. gr. the correſpondent ſemidiameter 
ſhall be the whole line A B, and the difference C B the leſſer 
ſegmenr. 
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OrletC Z be the leſſer ſegment given: If I make this a 
parallel' chord of 36 py. the correſpondent- femidiameter 
ſhalt be the greater ſegment ACwhich added to C B,given 
the wholſeline'A B. 0 6 ee Ngq ir 077! 
To ayoid dbubling of fines or nunibers, you-may pur over 
the whole line jnthe Sines of 72 gr. atid the parallel ſine/of 
36 gr. ſhall be the'preater ſegment: '* .' -* x It 
Or if you- put ayer the whole line tn the (ines of 54 gy.- 
the parallel ſine of 3077. ſhall be'the'*preirer ſegment, and ' 
the parallel ſine of 18.'g7. fhall be the leſſer ſegment. & A (3 
| C P. 
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CHAP. III. 
O/the projeftion of the Shpere in Plano, 


1 "He Sphere may be proje&ed in Plans in fireight lines, 

as inthe Anglemma if the Szmidizmerer of the circles 
given be divided in ſuch ſort as the line of Sizes on the Sz» 
Qor. 

As if the Radius of the circle given were A E, the circle 
thereon deſcribed may cepreſenc theplane of the gernerall 
meridian,which divided into four equall partsin E, P,A S, 
and croſſed ac right angles with E X and P'S, the diamiter 
E Z, ſhall repreſent thexquator, and P 5 thecircle of the 
hourof 6. Andirt is alſo the Axis of the world, wherein-P 
ſtands forthe North pole, and S for the South pole. Then 
may each quarter of the meridian be divided into go degrees 
from the zquator towards the poles. Ia which we num" 
ber 23 degr. 30 min. the greateſt declination of the Sunne 
from K co 69 North-wards, from X co W Southwards, the 
\ Hine drawn from 69 co W ſhall be the ecliptique, and the 

lines drawn parallel cothe equator through Sand w ſhall 
be the trop:q ues. 

Having theſe common ſeQions with the plane of the me- 
ridian, if we ſhall divideeach Semidiameter of the Eclipti- 
que into 90 degr. inſuch ſort as the Sine are divided onthe 
Sear. Thetirit 30 degr. from A towards 69, ſhall 'Gand. 
for the ſigne of V. The 35 degr. next following for &.. The 
reiitur Mt © A &c. in their order. So that by theſe meanes 
we *:ave theplace of the Sun forall times of the year. 

If again wedivide AP AS, in the like ſort, and fer 
tothe numbers ro. 20. 30. &c. unto 90 (degrees, the lines 
drown through eachof theſe _ parallel ' to the equa- 

cor 
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tor ſhall ſhewy the declination of the Suns and repreſent 
the parallels of Jaticude. 
If farther we divide AE, AF, and each of his paral. 
Jels equally in the like ſorts & thencarefully draw aline 
through each 15 degrees,fo as it makes no2nglemthelines 
fo drawn fall be e/ipfeal, and repreſent the _— 
” Sth . cs, 
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cles. The meridianP ES, the houre of 12 at noon 
chat next untoit drawn through 75 degrees from the 
Center the houresof 31 and 1, that which is drawn 
through 60 degrees from the center the houres of 10 and 
2, &C- 

" Totheſewe may adde the moneths of the year 

and the daycs of each moneth , placing Fanuarie about 
F, MarchaboutE, June aboat F, Julie about F,, Sep- 
zember, about E X#, December, about the Tropique of 
y: and (o therelt according to their Declination from 
the Mquaror. 
Then having reſpe&untothe latitude, we may num- 
ber it from E Norchward unto Z, and there place rhe 
Z:nith : by which and the center the line drawn Z 4 
N ſk4ll repreſent the verticall Circle, paſſing through 
the Z:nith and Nadic Eaſt and Weſt, and the line 
A H croſſing it at right angles, fhall repreſen, the 
horizon. n 

Theſe two being divided in the ſame ſort as the 
ecliprique and the zquator, the line drawn through 
each degree of the Semidiameter AZ, parallel co the 
horizon ſhall be che Circles of alticude, and the di- 
viſions in the horizon and his parallels (ſhall give the 
azimuth. 

Laftly, if through 18 gr.in AN, bedrawn a right 
line IK parallc! co the horizon , ic ſhall ſkew the time 
when the day breaketh, and the end of the rwilight. 

Forexampleofthis ProjeQion, let the place of the 
Sun be the laſt degree of B, the parallel paſſing through 
thisplaceisLD, and therefore the meridian altitude 
ML, and thedepreſſion below the horizon at midnight 
HD : the (emidiurnall ark LC, the ſemino@arnall 
ark CD; thedeclination AB, the aſcentionall diffe- 
rence BC,'che amplicude of aſcencion AC- The diffe- 
rence betweapthe end of twilight and the day break 
is very (mall; toMtſeems the parallel of t he Sun doth 


hardly croffe the line of cwilighe. 
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If the altitude of the Sunne be given, let a line be 
drawn from.it parallel to the horizon :. ſo it ſball croffe 


the parallel of the Sunne, and there thew both the azi- 


muth and the houre of the houre of the day. As if the 
place of the Sunne being given as before, the Altitude 

. In the morning were found tote 20 degr. the line FG 
drawn parallel to the horizon through 20 degrees in 
A Z, would crofle the parallel of the Sunin ©. Where- 
fore F © ſheweth thethe azimuth, and Lo. the quantitie 
of hours from the meridian. Ic ſcems to be abuut half 
an hour paſt 6 in the morning, and yet more then half 
a point ſhort of the Eaft. : 

The diſtance of two places may be alſoſhewed by this 
projeAion their latitudes being known,and their diffe» 
rence of longitude. 

For ſuppoſe a place in the Eaſt of Aravbiab, having 
20 degr. of North latitude , whoſe difference of lon- 
gitude from London , is found by an Eclipſe to be 5 

. boures, 5. Let Zbe the Zenith of London, the parallel 
cf latitude for that other place muſt be LD, in which 
the difference of longitude is LO. Wherefore O repre- 
ſenting the fite of that place, I draw though © a pa- 
rallelto the horizon 44 H, crcſling the verticle A Z 
near about 70 degres from the zenith, which multi- 
plied by 25, ſheweth the diſtanceof London, and that 
placeto be 1400 leagues. Or multiplied by 60, to be 
4200 miles, | 

2. The Sphere may be proje&ed in plano by circular 

lines, .as in the generall Aſtrolabe of Gemma Frifius, by 
the belp of the tangent on the fide of the Sefor, 

For let the circle gives repreſent the plane of the ge» 

- nerall meridian as Þefore; let it be divided into four 
parts, and croſled at right angles with EX the equa» 
tor, and Þ S the circle of the hour of 6, wherein 
P ftands for the North pole, and 5 for the South pole, 

Lex each quarter of the meridian be divded into 90 des 


grees and ſo the whole. into 360 , beginning from s 
| an 
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and ſetting to the numbers of 1d, 20, 30. &c. goat AM 
180atS, 2:70 atE, 360 at P, The (ſemidiameters 


AP, AM, may be divided according to the tangents 

of half their Arkes , that is a tangent of 45 degrees, 

which is alwayes 10000 equall to on Radius, ſhall give | 
the 
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The ſemidiameter of 90 degrees a tangent of 40 degrees 
83910, ſhall give 8 degrees, in the ſemidiamiter - 2 
tangent of 35 degrees 70021 ſhall give 70. &c- So that 
the ſemidiameters may be divided in ſuch fort as the 
tangent on the fide ofthe S:&or , the difference being 
only in their denomination. 

Hvirg divided the circumference and the ſemidia-» 
meters, we may eafily draw the meridians and che para- 
lels by the help of che SeQor. 

The meridians are to be drawn though both the 
poles Pand$S, and the degrees before graduated in rhe 
Xquator. The diſtance of the ceater of each meridian 
from A the center of the- plane, is equall to thetangene 
of theſame meridian, reckoned from the generall me- 
ridian P SE, and the ſemidiameter equall to the ſe- 
cant of the ſame degree. 

As for example, ifI ſhould draw the meridian P BS, 
which isthe tenth fromP AX S, the tangent of 19 gr- 
17633,givethm: AC, and the ſecant of 10 gr. 101543z 
giveth me S C,whereforeC is the center of the merialan, 
PBS, &CS his ſemidiameter: ſo AF a tangent of 20gr. 


36397 ſheweth Fro be the center of PD S, the twen-' 


tith meridian fromP AS & AGatangent of 23 gr. 30 
m- 43481, ſheweth G to bethe center of P 69 S. &c. 

The parallels are tobe drawn through the degree\, 
inAP, AS, and their correſpondent degrees in the 
generall meridian. The diftance of the center of each pa- 
rallel from 4 the center of the plane, is equall to the 
ſecant of the ſame parallel from the pole, and the ſemi- 
diameter equall to rhe tangent ofthe ſame degree. As 
if I ſhould draw the parallel of $0 degrees whichis the 
rench from the pole, ficſt Topen the conpafles unto 
AC thetangent of 10 degrees 17633, and this giveth 
methe ſemidiamerter' of this parallel, whoſe center is 
a lictle from &, in ſuch diſtanceas 1015 43 the (ecants 
S Cis longer then 10000, the Radius S A. 


The meridian and parallels being drawn, if wenu => 
| er 
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Ler the 23 degr. 30m. fromE to & Northwards, from 

- X to wySouthward , theline drawnfrom & to W ſhall 

be the ecliptique : which beipg divided inſach ſort as 

the ſemidiameter A P, the firſt 30 degr. from A to 5 

ſhall ſtand for the fine of V; the 3o degr. next following 
for &; thereſt fort N, &c. intheir order. 

If farther we havereipe@ unto the latitude, we may 
number it from E Northward unto Z,and theie place the 
zenith,by which and the center, the line drawn Z A N 
ſhall repreſent the verticall circle, and the line M AH 
croſling ic at right angles, ſhall repreſent the horizon, 
and theſe divided In the ſame fort as AP, the circles 
drawn through each degree of the ſemidiameter A Z, 
parallel to the horizon, ſhall be the circles of altitude: 
and thecircles drawn through the horizon and his polcs, 
ſhall give the Azimuths, 

For example of this projeQicn,let the place of the Sun 
bein the beginning of >, the parallel paſſing through 
this place is ® O L, and therefore the meridian altitude 
ML, and the depreſſion below the horizon at midnighe 
HO, theſemidiurnallarx Lo, theſewinc Rurnall ark 
0 ©, the declination 4 R,the aſcenfionall difference R © 
the amplitudeof aſcention A ©. 

Ocif Abeputto repreſent the pole of the world, 
then ſhall P XS Eſtand for the zquator, andP 5 $ wv 
for the ecliptique, and the reſt which before fio d for 
meridians, may now ſerve for particuJar horizone, ac- 
cording totheir ſeyerall elevaticns. Then ſuppoſe the 

ace of the Sunne given tobe 24 degrees of &, his lon- 
gitude fball be P 7, his right aſcenticn PH, his de- 
clination HI. And if the place given be 19 degr. of &, 
his Iopgitude ſhall beP K, his right aſcerticn P N, his 
declination N K. Again, the declinacicn brevght to the 
horizen of the place, ſhall there fhew the aſcentionall = 
difference; awplitudeof aſcention,& the like concluſtons 
of the globe. But Þ intend pet here to ſhew the ufe of 


the Aftrolabe, but the ufe of the S:Gor in proje Aion . ; 
rn 
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And after this manner may a nofarnal be proje&ed to 
ſhew the hour of the night, whereof Lwill ſeerdown a type 
forthe aſe of Seamen. 
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It confiſtsas you ſee of two parts, the one is a plane 
divided cqually according tothe 24 houres of the day 
and each houre into quarters of minates, as the plane 
will bear: theline from the center to XII, ſtands for 
the meridian, and X (1, ſtands for the hour of 12 at 
midnight. The other part is a rundle for (uch ſtarres as 
are neare the North-pole ,; tog*ther with the 12 moneths, 
and thedayesof each moneth fliccd to the righe aſcenti- 
On of the ftarres. Taoſe that have occaſion to = = 

out 
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South pole , may dothelike for the Southern conftella- 
tions, and put themin a rundle onthe back of this plane, 
and ſo it may ferveforall the world. | 

The uſe of this nofurnall is cafie and ready. For 
look up tothe pole, and ſce what ftarres are near the 
meridian: then place the rundle to the like fituation, ſo the 
day of the moneth will ſhew the hour of the nigh. 

3 The Sphazre may be projeRed in plans by circular lines, 
asinthe particular Aftrolabe of Juhn Srepbleriz, by help of 
the tangent, as before. 

For let thecircle given repreſent the cropique of v», 
letit be divided into foure parts, and croffed at righc 
angles wich A C the <quinoQiall colour , and 4 B 
the ſolſtitiall colour, and generall meridian , the cen- 
terP repreſenting the pole of che world. Lec each quar- 
ter be divided into 90 degrees, and fo the whole into 
360 , beginging from A cowards B, The meridian P 
A! or PB, may be divided according to the cangenc 
of half his arke. .So as the aker rom the North pole 
to the tropique , being 90 degrees and 23 degrees 30 
mm. that is 113 degrees 3O ms. and the half ark 56 degrees 
45 m. the meridian ſhall be divided into 99 degree: 
and 23 degree; 30 m. in fuch fort as the tangent 
of 56 degrees 45 m; on the fide of the Ser. is divided 
into degrees and half- degrees; 'of which P ZX the ack of 
the zquator 90 degrees from the pole, ſhall be given by 
the tangent of 45 degrees. And Þ: 69 the ark of che Sum 
mertropique 66 degrees 39 m- from the pole, ſhall be given 
by che cangent of 33 degrees 15 m. And the circles drawn 
upon the center Pchrough A. and 5, fhall be the zquator, 
and the Summer tropique- ; v . 

Having the Zquator and both the tropiques, the 
ecliptique  & =p ſhall .be drawne from the one 
tropique to. the other, .chrough the incerſe&ion of the 
Zquator, and the EquinoQiall colour. - And it may be 
divided fickt into the cwelve 'fignes atcer this manner : P 
E che ark of the pole of the vennges 23 degrees 30 mts 

from 
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. from the pole of the world, ſhall be given by the tangent 
of 11. degrees 45 m. The center of the circle of lon- 
gitude paſſing through this pole EY and =, ſhall be 
found at'D (fomewhar belowe B) by the tangent of 
66 degrees 30m. Then through D draw an occult line 
parallel toA'C, and divide it on each fide from D, in 
ſuch ſort as the tangent is divided on the fide of the Se. 
Qor, allowing 45 deprees to be. equall co DE, ſo the 
thirtith degree from D coward the right hand, ſhall be 
the center of the circle of longicude paſſing through E & 
and nw. The fixtith degree, the center of ZE 7. The 
thirtith degree from D roward\ the lefc hand, the cen: 
terof x E ww. The fixtith, the center ofsE N. And 
the other intermediate degrees (hall be the centers to di- 
vide each figne into 30. gr. 

If farther we havereſpe@ untothe latitude, we may 
( the meridian bcivg before divided ) number It from P 
Northward untoH, and there place the North inter» 
ſcAton of the meridian and horizon : then the comple- 
ment of the latitude being numbred from P Sourhward 
untO Z, ſhall there give the zenith; and 90 degr. frem 
Z Southwardunto F, ſhall there give the South inter- 
ſe&ion ofthe meridian and horizon. The middle be- 
wween F and H ſhall be G the center of the horizon 
Y H=F, paſſing through the beginning of Y and =un- 
l«fſe there be ſome former errour, 

All paralicls to the horizon may be found in like 
ſort by their jnterſe&ions with the meridian, and the 
middle between thofe interſeCions is alwayes the cen+ 

The azimuths may be drawn as the circles of lon- 
gitude were before. For the circle of the firſt yerticall 
'Y Z = will be found at 1 (ſomewhat neer unto B) 
by the cangent of the latitude. . And if threugh' 1 we 
. draw an occult line 'parallelto AC, and divide it on 
each {ide from 1, in ſuch:ſert asthetangent is divided 

'. on 
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on the 'fide of rhe:Sellry, allowing 45 degrees to be ©- 

| qualles LZ, chefe diyifions ſhall be the' centers, and | 
the dance ſtor” theſe diviſions unto Z, ſhall be 
el 
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For example of this projeion, let O the place of 
the Sunne given be 10. degr. of 8: a right line drawne 
from P through this place untothe zquator, ſhall there 
ſhew his right aſcention Y K, and his declination Ko. 
Then may we on the center P and ſemidiamicer © P, 
draw an occult parallel of declination, crofling the ho- 
rizon in L and 41, the meridian in G and N. So the 
right lines PL and P 1 produced, ſhall fhew the 
time of the Sunnes rifing and ſetting, Y 2 thedlference 
of aſcention, R the difference of deſcention, Y L 
the amplitude of his rifing , and = M the amplitude of 
his ſetting L N 24 ſhewerh the length of che nighc 
ZG ſheweth tis diſtance from the zenith at noon, H 
N his depreſſion below the horizon at midnight. And 
chen having the altitude of the Sunneat any cime of the 
day, the interſe&ion of the parallel of altitude with the 
parallel of declination, ſheweth the Azimuth, and a righe 
line drawn fromP through this interſeQion, giveth the 
hour of the day. | 

4 The Sphzre may be projeRed inplano by circular 
lines, afcerthe n:anaer of the old concave hemiſphere, by 
the help of the tangent on the fideof the ScFor. 

For et the circle given repreſent the plane of the horj- 
zON , letic be divided into foure parts, and crofled at 
right angles with S N the meridian, and EV the verticall; 
ſo as Smay ſtand forthe South, Ntorthe North, I forthe 
Eaſt, Y the Weſt part ofchehorizon, and the center Z re- 
preſent alſo the zenith. Let each quarter of the horizon be 
divided into 9@degreer, and ſo the whole into 360 deyre. be- 
ginning from N, and ſetting to thenambers of 10. 20. 30 

- &c, goatE. 180 atS, 270at V, 360atN. 
The ſemidiamiter ZN, ZS, may be divided accord- 
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of theſe divifions, they (ball be parallels of altitude. 

- Then having reſpe&tunto the altitude, we may (the 
meridian being before divided) number it from Z to A, 
and there place the interſe&ion of the meridian and zqua» | 
tor. The complemenc of the latitude from Z untoP, * 
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The middle between theſe interſe&ions ſhall be 
the: center of the 2quator, paſling through E and 7, 
anlefle there be ſome former errour. The incerſe&ions 
of the tropiques depend on the zquator. From AX 23 
® degrees 30m. farther ſhall be, the interſeQion of the 
meridian and the Southern tropique. From AX 23 de- 
grees, 3O m. nearer ſhall be &S, the interſe&ion of the 
meridian and the Northern tropique. The interſe&ions 
of the other intermediate parallels, ſhall be given in like 
ſort, by their degrees of diſtance from the zquator , and 
the middle between thoſe interſe&ions is alwayes the 


Center. | 


The hourecircles may be heredrawne as the Azimuths 
in the thicd proje&ion. For the cencer of E P/, the 
houre of 6 will be found at B, (ſomewhat near unto 
N) by the tangent of che laticude. And if through B 
wedtaw an accult lineparallel unto EY, and divide ic 
onthe fide from B, in ſuch ſort as the cangent is di- 

- vided on the fide of the Seffor, allowing 45 degrees to 
be equall co B P, and 15 degrees for every houre, 
thoſe divifions ſhall he:the centers, and the diftancefrom 
the divifions unto P, ſhall be the ſemidiameters, wher- 
on te deſcribe the reſt of the houre-circles. 


The ecliptique may be drawn as the zquator. For 
the center of that half which hath Southerne declina= 
tion, ſhall be given by the tangent of the altitude, which 
the Sanne hath in his entrance into w. And the cem 
ter of the other halfe , by the tangent of his alticude, at 
his entrance into 93. and it may be divided, as in the 
_ projeQion, or elſe by tables calculated co that pur- 

OLCry 
" 4 To theſe circles thus drawn, if we ſhall add the 
. mpnetha of che year, and, the dayes of;cach maneth," 
©,as.we may well do ,, at the;borjzon,: on.cicher fide:be- 
= ;% -:$ween: 
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tween the tropiques; this projeRion ſhall be fitted for the 
moſt uſeful}! conclufions oi the Globe. 

Forthe day of the moneth being given, the parallel 
that ſhooterh on it, doth (hew what deciination' the 
Sunne hath at that time of the year. And: where this 
parallel crofleth the ecliptique, there is the place of the 
Sanne. Oc the placeof che Sunnebeing ficit given , the 
parallel which creſfethic, ſhall at the horizon ſhew the 
day of the moneth. Either of theſs then being given, 
or only the paralle] of declination, we may follow it 
firſtunto the horizon, there the diſtance of the end of 
the parallel from E or, ſheweth the amplitude ; the 
ſame among the houre-circles ſheweth the time, when 
the Sunneriſeth or (etreth. Then having the altitude 
of the Sunne at any time of the day, the interſe&ion of 
the parallel of declination wich the parallel of alticude 
ſheweth che houre of the day; and a right line drawn; 

. fromZ, chrough this interſe&ion tothe horizon, giveth 
the Azimuth. 

Thus in either of theſe proje&ions , that which is 
otherwiſe moſt troubleſome, is eafily done by the help 
of the tangent line, and what I have ſaid of this line, 
the ſame may be wrought by (caleand numbers out of 
the table of tangents. 


GHAP.IV. 


O/the reſolution of right-line Triangles, 


Ina Refangle io find, _ 
1 Tofindthe baſe, both ſiaes being given. Conn” d 


» 


Fo Of theprojetion of the Spheres 
ba all Triangles there being fix parts, viz three angles, 
and three fides, any three of chem being gi vens thecelt 


may be found by t heSc&-r. ; 

As may appear by the Prop. following, wherein for our practiſe = 
may uſe theſe triangles CE A, CEB,CED,arer eRangle in E,an 

G F re&angle in G, the reſt conſiſt of oblique angles. / 


Ang. Gr. M. S. Lin. Parts. Ang. Gr. M. 5. Lin. Parete. | 
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B E F ® 
Let the SeQor be opend in theline of lines to a right angle 
(as before was ſhewed Cap. 2. Prop. 7.) then take out the 
fides of the triangle,and lay them,one on one line,the other 
on the other line, ſo as they meet in the center, and mark 
how far they extend. For the line taken from the termes, 
of their extenſion, ſhall bethe baſe required , viz. the fide 

oppofite tothe right angle. ER 1: 5 

Oc adde theſquares of the two fides(as in Prop. 4 Sapers 
fic.)and the fideofthe compound (qu are ſhall be the baſe. 
As if the lines AE, CE, ſhould bethe fides about the 
right angle, and it were required to find the baſe ſubtends» 

ing theright angle. 7 
0 


e 
[- 


|. 
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Firft, I ſex the line of Line to a right angle by applying the 
whole line of 10 from 6 in theone line to 8 in the other. Then 
if the greater of the two lines given be lefle then theline of 
Lines, Itake the greater of them AE, and transfer it with 
the compaſſes into one of the lines of /znes, and find, that, in 
my SeFor (which is 14 inches long, and fo, ctheline of Lines, 
almoſt 7 inches) it reacheth from the center to 518, 

Again, Itake ehelefſer line CE, and transfer it into the 
other line of Lizes, and find, that it reacheth from the center 
unto 151-wherefore Itakethediftance from 151 unto 515, 
and ſuch is the length of the Baſe AC required. 

If either ofthe lines given be too large tor the Ser, then 
I may meaſure them by feet or inches, and ſappole I find the 
length of A Eco beabout 720, andot C E, 210 Then, in the 
line of Lines (being (et, one perpendicular to the other, as 
before) I extend the Compaſſes from 210 unto 720 ;and mea «» 
ſuring chis extent in the line of /iner, find ic co be 750 parts, 
wherefore, Iprick down 750 parts, in theline AC, from 
the (ame ſcale by which Imzaſured AE, and CE. So, this 
line AC (hall be the Baferequired. 

In working by the line of Syperficies. Ineed no opening 
of the SeFor.. For, taking the line CE wich my compaſſes, 
and meaſuring itin the line of Szperfi:ies upon my Sefor, I 
figd it neer 13 parts. © © 

Then taking the line A E, I find it to be about 26); Theſe 
two being added together make 292: and this extent is the 


| lengchof the baſe AC. required. 


© To find the baſt ty baving the angles, 
 O8 ardont of the ſides given. 


Take the fide given, and turneit intothe parallel fine of 


| his oppotite anglezforheparatel Radius fhall be the baſe. 


As ifthe line A E were theſideof areQtangle triangle op- 
poſite coan angleof 73 gr. 45), and it were required to find 
the Baſe. fs 
. 'Ficit, I tax the fide AE with my compaſſes, and ſet it 

M.- -- over 
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It over in the fines of 73 Gr. 45. So, the parallel radius ta- 

ken from between 9oand 9o, will give the Baſe A C res 
uired. 

If che fide given beſuch as cannnot well beficced over in 
the fines of his oppoſite angle, Imay aieafure ir by feet or 
inches, and ſuppoſe find the length of AE co be 720. then 
would I take 520 parts, out of the line of lines, and make it a 
parallel Sine of 73 gr. 45'. Sog the parallel Radius taken from 
between 99 and 90, and meaſured in the line of lines will be 
found to be about 750 parts : Wherefore, I prick down 
750in the line A C, by the ſamelſcale, whereby I meaſured 
A E: and this line A C ſhall be the Baſe required. 


'23 To find a fide bybating the taſe, 
aud the other ſide given, 


Let the S:Ctor be openediin the lines of /ines to a right 
angle, and the fide givenlaid on one of thoſe lines frem 
the center: then take che baſe with a pair of compaſſes, and 
ſetting one foot in thetermeof the given fide, turne the 
other to the otherline of the SeQor, & it ſhall there ſhew the 
fide required. 

Oc take the {quare of the fide out of the ſquare of the baſe 
(as in Prop. 4- Smperf.) and thefideof the remaining ſquare 
ſhall be the fide required. 

Thus having AC for the Baſe, and CE, for the ide of 
are&angle triangle, the ether fide will be found tg be 

E | | 


AE. : | 
Or, if A C, being meaſared, be750, and C E,210, the 
other fide A E will be found to be 720. 


4 To find a ſide having the baſe, 
and the angles giuen. 


- Take the baſe given , and makeit a parallel Radius, i 
the 
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the parallel ſizes of the angles , ſhall be the oppofite fides 
required. 

Thus in the Re&angle AEC, if ACbe made a parallel 
Radius, the parallel fiae of 73 gr. 45' will give the fide 
= and the parallel fine of 16 Gr. 15 will give the other 

ideCE, 


5 To find a ſide by havive the #ther fide 
and the angles given. 


Takethefidegiven, and turnic into his parallel ſize of 
his oppoſite angle: ſo the parallel fineof the complement 
ſhall be the fade required. 

Thus in the Reftangle DEC, ifCE betnade a parallel 
fine of 53 Gr. © theparallel fine of 36 Or. 52. will give the 
pay ED: and theparallel fine of go gr, will give the Baſe 
CD. 


6 To findthe angles by having the baſe 
and one of the ſides given. 


Firſt, take Out the baſe given, and laying it on both ſides 
* ofthe SeQor, ſo as they may meer in the center, and mark 
how faric exrendecth. Then take out the latecall Radius, 
and co it open the Sefor in the cermes ofthe baſe. This 
done, take out thefidegiven, and place it alſoon the ſame 
lies ofthe Setor from the center. For the parallel taken 
in the ternies of this fide, (hall be the fine of bis oppoſite 
angle. 

Oc takethe baſegiven, and makeie a parallel Radius; 
then take the iide given » aud carry it parallel co he baſe, 
till it ſtay in ke fines: ſorhey ſhall give the quantitie of che 
oppeitce angle, | 

Thas in the cetangle A E C having the Baſe A C, 
and the fide AE, you may find theangle CAE, tobe 16 


gre 15> 
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7 To finde the angles by hating both the 
ſedes given. | 

Take out the greater fide, and lay iton both ſides of the 
Seor, ſoas they meet in the center, and mark how far it ex- 
tendeth. Then take the other ſide, and to is open the S:&or 
in the termes of the greater fide ; (o che parallel Radius ſhall 
be the tangent of thelefſer angle. The third angle is always 
known by the complement. 

Thus in the Re&angleD EC, having the ſidesCE, and 
E D,you may find the lefler angle ECD co be 36 g. 52), and 
therefore the other angle EDE tobe 53. &. 


3 The Radims being giien, to finde the tangent, 
and ſecant of any ark. 
9 Th: tangent of any ark being giten, t» find 
the Secant thereof, and the Radius. 
lo Theſecant of any ark bemg grven, to finde 
the taxgent thereof, andthe Rada, 


Thetangent, and the ſecant, cogether with the Radius of 
every ark, do wake aright angle triangle ; whoſe ſides are 
the Radius aud tangevt, and the baſe always the ſecant; and 
the angles always Known by reaſon of the given arks. Azsin 
the Reftangle AEC,ifon thecenter A, and ſemidiameter 
AE, you deſcribe a circle, then make AE, to be the Radius, 
and EC,a tangent of 16.15 and AC a ſecant of 16 gp. 15. 

If you deſcribe a circle on the center C, and ſemidiameter 
CE,hen is CE cheRadius and E A,a tangent of 73.45'and 
C A afſecantof 73. 45. 

Wherefore the ſolution is the ſame with thoſe before. 


In any right-linedtriengle whatſoever, 
11 Tofinde 4 fide by knowing the other two ſrdes, 
and the angle contained by them. 


Let the SeFor be opened in thelines of lines to the angle 
given 
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given as Iſhewed before, cop: 2. Prop. 7. Then take cut the 
fides of thetriangle,and laying them the one on the one line, 
the other on the other, ſo as they meet in the center, mark 
how far they extend. For theline taken berweene the termes 
of their extenſion, ſhall be the third fide required. 

Azif ACand AD were two fides of a right lined trian- 

le conteining an angle of 16gr. 16 and it were required, to 
ode the third fide ſubtending this angle. 

Firſt I ſetthe lines co an angle of 16. 167. by applying the 
fige of 8 gr. $'overin the points of 50 and 50, in-the line of 
lines. That done, Icakethe Jongec line AD, and transfer it 
with my compaſles, into one of the lines of lines, and finde it 
toreach from thecenter to 720. 

Agains Itakethe lefſer line AC, and transferit into the 
other line of /ines, where ic reacheth from the center to 540. 
wherefore,I takethe diſtance from 540 to720. and ſuch is 
the length ofthe 3 fide ED required. 

Oc (it che lines be given in meaſure)AD 100, and AC 
75: Ienxtend the compaſſes from 100 to 75, and meaſuring 
this extent inthe line of /znes, finde to be 35. Whereupon I 
take 35 parts out of the ſcale, by which AC, and AD were 
meaſured and prick them down in the line C D. So, this line 
CD, ſhall be the third fide required. 


12 To finde a fide by baving the other two ſides, 
and one of the adjacent angles, ſo 1t be 
known which of the other angles 

6 acute or oblique. 


Let the SeHor be opened in the line of /ines to the angle 
given, and the adjacent fide Jaid on one of thoſe lines from 
the center ; then take the other fide wich a pair of compaſ- 
ſes, and ſetting one foot-in the terme of the former given 
fide, turn the other to the other line of the'S:@or which here 
repreſenteth the fide required , and itſhall croſle it in two 

M 3 places 
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places; but with which ofchem is thecerm of the fide requi- 
red, muſt be ju iged by the angle. 

As ifin the criangle following, the fide A Cbeing given, 
and thefide CD and the angle C AD 16 gr. 16. m. it were re- 
quired to finde the fide 4 D. ; 

Ficſt Iopen the S:Qor in the line of /iner to an angle of 
16gr. 16 m. and laying the adjaceat fide from the center A, 
find where it extendeth in C. Then I take the other fide CD 
with the compaſles, and ſetting one foot in C, & turning the 
other tothe other line of the SeFor, I finde that it doth crofle 
it both.in Band D. | 

Oc, (if the lines be given in meaſure) AC 75, and CD 353 
I may take 35 out of theline of /zzes, and ſecting one foo 
in75, I ſhall findethe other foot co crofle the other line of the 
Seer, both at 44 Canſwerable to AB) and at 100 (anſwer. 
ableto AD.) ; 

So that it is uncertain whether the fide required be AB 
or AD, onely it may be judged by the angle. For if che in- 
ward angle where they crofſe be obtuſe, the fide required is 
the lefler; if it be acute, it is the greater. 


13 To finde 4 fide by having the angles, 
and one of the other fides given, 


Take the fide | R turn it into the parallel fine of his 
oppolite angle; [o the parallel fines of the other angle ſhall be 
the oppoſite fides required. 

As if in thetriangle A BG, having the fide AD, and 
knowing the angle G@ AB tobe 16. gr. 16, and the angle 
A BCtobe 143. I, it were required, to finde the ewo other 
fides, A C, and BC. 

The three angles of a right-lined Triangle, are alwayes 
equall co 180 gr. wherefore, Iadde 16 gr. 1& unto 143. gr« 
&. and by the remainder to 180 gr. finde the thicd angie 
ACB oppoſite to the known fide AB, tobe 20 gr. 36. 
wages I take the fide A B,and make ic a parallel fine of 20 
ELL 
$0, 
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So, his parallel fie of 16. 16 will be the fide BC; andthe 
parallel fine of 143. & will bethe fide AC. 

Oc, if meaſ uring the fide AB I find itto be 44; I may 
take 44 parts, either out of the line of /ines, or out of any o- 
ther ſcale of equall parts, and makeit a parallel fine,of 20 Zre 
36'. So his parallel fine of 16 gr. 16' meaſured in the ſame 
ſcale, will give 35 forthe length of the fide BC: and the pa- 
rallel fine of 36 gr. 52' will give 75, for the length of theother 

fide AC. . 

When the angle comes to be above 93 gr; the ſine of 80 
gr; doth ftand for a fine of 1co gr: and the fine of 70 gr. 
for a fine of 110 Gr. and ſo the reſt;for thoſe,which are their 
complements to 180. degrees. 


14 To find the propertion of the ſid: 
by having the three aneles, 


Take the laterall fines of the angles, and meaſure them in 
theline of lines. For the numbers belonging to theſe lines 
do give the proportion of the ſides. 

Thus, in the two equi-angle ttiangles A EC, A GF,if you 
take the laterall fine of go gr. for the right avgle at E and G, 
and meaſure it.in the line of /ines, you ſhall find ic to be 100, 
Thentake the lateral! fine of 16 Gr, 16' for the common an» 
gle at A, you ſhall find it to be 28. Takethe laterall fine of 73 
gr+44 for the third angle at CandF, you ſhall find itto be 
96. Such therefore is the proportion of the fides . 

As 10 ©. 96. 28, SoOare.75. 72, 21. 


15 To find an angle by knowing the 
Three ſides, 


Let the two containing ſides be laid on- the lines of the 
S:c@or,from thecenter,one on one line, and the other on the 
other; and Jet the third fide, which is oppoſite rothe angle 
required, 


£5 Reſolytion of right-line Triangles, 
required, be fitted over in their termes: ſo ſhall the SeFFor be 
opened in thoſe lines to the quanticie of the angle required, 

The quantitie of this angle is found as in Cap: 2 Prop. 8. 
Thus having the 3 fides of the triangle ACD, to find the 
angle at A. I cakethe 2 conteining fides AD, AC and tranſs 
ferthem with my compaſles into the lines of Lines: where 
Ifind the one toreach from the center, to7 2; the other, co 


54 | 

Then I take CD, (thefideoppoſite tothe angle atA) and 
fic thatover between 72 and5 4. 

Oc if the 3 ſides begiven in meaſure AD, 103; A C 75: 
CD 35: I might take 35 for the fide C D out of che line of 
Lines, and ſet that over from 100075. This done I cake the 
diſtance between 50 and 50 and meaſuring itin theline of 
Sines find it to be abour 8 gr. 8. the double whereof i816 gre 
16 the anglerequired. 


16 Tofird 6n anglebybaving tmo ſides, 
ana one adjacent axgle. 


Firſt take out the fide oppoſite to the angle given, and 
laying it on both fides of the S: or, ſoasthey mertin the 
center, mark how farit extendeth ; then take one the late» 
rall ſineofthe angle, and'to it open the SeQor in the termes 
of che firſt fide: this done , take out the other fide given and 
place it alſo on the ſamelinet of the SeQor from the center, 
for the parallels taken in the termes ofthis fide; ſhall beche 
ſine of the angle oppoſite totheſecond fide. © 

Oc take out the tide oppoſite to the angle given,and make 
ita parallel fine of that angle: hen take che other fide given 
and carrie ic parallel to the former: till it ſtay in like fines: 
ſo they ſhall givethe quantitie of the angle oppoſire to the 
ſecond fide. 

Thus in the criangle A CD, knowing two fides AC, CD, 
wich the angle C A D oppofice to the fide CD, you may find 
the angle A D C oppofite to the other known fide A C'\, tobe 
about 36 gr. 52. | 
i7 To 
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env | DD GOO LIONS ME 
17 Tofindan angle ty having two (ides, © © 
and the angle contained by them. 


Firſt find the thicd fide by the 11 Prop. and then the angles 
may be found by the 15 or 16. Prop. | : | 

Far obſervation of angler, the Se@or may have fights ſet 
on the moveable foot ; ſo that by looking through them, 
theedges of the Se&or may be applicd tothe fides of the 


apgle. 


For meaſuring of the fides of lefler tri- | Links | R | Pf 
angles, any (cale may ſuffice, either of feet, — 4% 
orinckes, orlefſer parts. But for greater tri-|-2229% , | - 
angles, eſpecially tor plotting of grounds, T| 92000] 3 |*7 
hold it fic co uſe a chain of four perches| ©2000| 2 > 
inlengrthgeach perch divided into 25,and the} 72900) 2 7 
whole chainean hundred links, wherein, if _$..000 ceo 
the whole chaine be( according to 16; footin| 5c009| | | © 
a perch) 66 toot (thatis 792 inches) each ſe-| 4c000| | |*4 
verallink will be 7 inches and x; 30000 S 

If (according to 15. in the perch) the 20c00 35 
who!ec chain be 72 feet in length (that is,| 1ooco| [16 
$64 inches) hen, each ſeverall link will be $ 9375] i5 
iaches and+2., $750 14 

For ſo the tength being multiplied intothe| g; ;-' 
bredch, the five laſt figures give the content mes 
in roods and perches by this Table; the other 6a. f 


figures toward the left hand , do ſbew the; —;— 
number of acres direly. _- 
As in a long ſquare, where the length is 24] ? 27 
chaines.; the bredih 13. chaines; the uſuall 
way is, to reſolvethe chaines into perches:! * 


— 4 yp 
FRED) on H Ol m- to Vo 


Sothe length is 97 perches and the bredth bs 

54 perches. Thele multiplied one into the o- | 312 | p 
ther rake 5238 ſquare perches,and thoſe (di- | 2590 K 
vided by I60)give 32. Acret,2 roods,and 3% 1875 9 
perches for the content required. | | _—_ | 1 
A -.43[17 | | N ÞBuc 
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But, reckoning by chaines and linkes, the lengthi 8 24, <. 
25 lin. the bredch 13 cb. 50 inks. Theſe multiplied one into 
the other make 32, 73750. ſquare jinks- Then, cutiing of 
the 5 laſt Fama: find 32. Acres 73750 /in. \uch as an 100000 
do make an acre. Of which 70000 are «quali to two roods 
32 perches: and the relt 3750 equallip6 'perches more (ag 
appeareth by this table.) So, the, whole coment js 32 acres, 2 
roods, 33 perches,as betore. 


| CHAP. V. 
0/ the reſolution of ſpherical! Triangles. 


| ew our pradtiſe in ſphzricall criangle, let Abe the equi- 
noQiall point, A Ban ark of the ecliptique reprelen- 
ting the longitude of the Sunne in the beginning of v, 
BC an ark of the declination fromthe Sunne co the <qua=- 


tor, and AC an atk ofthe xquator repreſenting the right 
aſcenſion. 


D 14-57 GC 


Va RN Eaon -»Þ of the borizcn repreſenting the am- 
Þ oo plitade 
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plitude of che Sannev rifing fromthe Exft, and B E an'ark 
of the horixen for his ſetting from the Weſt:fo D C ſhall be 
the difference of aſcenfion, and C E the difference of deſcen« 
fion; A Dthe obliqueaſcenfion , and AE the oblique de- 
ſcenfion ofthe ſameplace of the Sunne iu our latitude at 
Nxfordof 51 gr. 45 m, whole complement 33 gr. 15 m. is 
the angleatEandD. Theerriangles ACB, DCB, ECB, 
arerefanglein C:theother ADB, AEB, conlifſt every way 
of oblique angles. 
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Orto fir an example nearer to the laticude of Lx:don. Lec 
Z PS repreſent the zenich pole and San, ZP being 38 Gr. 
30 #2, the complerttene of the latitude,P S 70 Gr, the comple» 
ment ofthe decHnation, and ZS 40 Gr. the complement of 
-theSunsaltitude. The angle at Z ſhall ſhew the azimuth, and 
theangle at P, che hour of the day from the meridian. Thea 
iffromZroP 5 we let down a perpendicularZR, we ſhall 
reduce the oblique triangle into. two reangle triangles 
ZRP,ZRS. Or #ffrom9'toZP we letdown a perpen+ 
dicularS 24, we fhall reicetheſameZPS intotwo other 
triangles, S-24Z,S AP;xeftbangic on 4: wharſoever is ſaid 


of 


pd Se _s 
So. 


rY: Reſolution of ſpherical Triangles. 
of any oftheſe triangles, the ſame holdeth forall other tri- 
'apglex inthe like caſes. ; —_ 


For the reſolution of each of theſe, there be ſeverall wayes. 
T only chuſe thoſe which are. ficteſt for the Sefor , wherein 
if that be remembred which before is ſhewed in the penerall 
uſe of the Sefor. concerning laterall and: parallel ' entrance 


it may ſuffize only to ſet down the propatition of . the three 


parts given to the fourth required, and ſoz ſhew fi 1ſt by the 
fines alone» | 


Ina reflangle triangle. 


T To finda ſide by knowing ihe baſe, aud the 
anele oppoſite to the requarea ſie. 
_ /Avthe Radias EP | 
--.. "" isco theſine of the baſe: 
-.:So the fine of the oppoſite angle 
to the fine of the fide required. 

As in there&angle A C B, having thebaſe AB, the place 
of the Sunre 3o gr.from the EquinoRiall point, and the angle 
BAG of 23gr. 30m the greateſtdeclination, it ic were requi* 
red cofind the [ide B C the declination of the Sunne. 

Takeeither the latcrall fine of 20 gr. 30 m. and make ic a pas» 
rallel Ridius; ſo the parallel fine of 3ogr. taken and meaſu- 
red inthe fide of the SeFor, ſhall give the fide required 11 gr. 
30m. Oc take the line of 30 gr. and make ita parallel Radius; 
ſo che parallel fine of 23 gr. 30 m. takenand meaſured in the 
laterall fines, (ball be 11 gr. 30m. as before. | 

So in thetriangle Z PS, having ZP 38 pr. 30 m. and the an- 
gle P 31 gr 34m, given, weſhall find the perpendicular Z R 
wo be 19gr. 1 m, or having P'S 70gr. and the ſaid angle P 31 
gr: 34m given, we may find che perpendicular $ ro be 29 
on. 

2 To find a ſidety knoming the baſe 
| : 3014 2 and theoiber frges: Fi 12 
| Azthefinc of che compleniciit. ofthe fide given 
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js tothe Radius; | 
So the fineotithe complement of the baſe 
to the line of the complement of the fide required. 


So inthe reQtangle A CB, having AB 3ogr. and BC 11 yr. 
30 m given, the [14e A Cwi'lbefound 27 pr. 54 m. 

Oc in the reftangle ZR P, having ZP 38gr. 30m. and ZR 
29 gr. 1 m-given the fide R Þ will be found 34 gr. 7 m. 


3 Tofind a ſide ty knowing the to 
ovlique angles. 


As the ſine of either angle 
tothe fine of the complement of the othee angle: 

So is the Radius 
to the line of the complement -of the fide oppoſite 
to the ſecond angle. 

Soin the Refangle ACB, having C ABforthe firſt avgle 
23gr ZOm.and AC B, for the ſecond 69gr. 22 m. the fide AC 
will be tound 27gr- 5499. Ormaking AB C thefiiit angle, 
and C AB the ſecond, the fide B C will be found 12 gr. 30m. 


4 To find the baſe ty knowing bith the ſides. 
As the Radius 


to the fine of the complement of the one fide: 
S9 the fine ofthe complement of the o her fide, 
- tothe fine of the complement ofche baſe required: 


Soin the reQangle A CBhavingAC 27 gr. 54m. andB C 
11 gr. 30 m. the baſe A. B will be found 30gr. 


5 To find the baſe by known. 2 the one ſide, andthe 
angle oppoſite to that ſide, 


As the fireof the argle given, 
to the fine of the fide given: 
So lzxthe Radins 
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to the fine of the baſe required. 


Sointhe re&tangle BCD, knowing the laticude and the 
declination, we may find the amplicudez Ashaviag B C the 
fide of the declination 11 gr. 30mm. and BDG rhe angle of 
the complement of the latitude 3$ gr. 15 m. the baſeB D 
which is the amplitadewill be found to be 18 gr. 47 11: 


6 Tofind an angle by the other o41ique angle, and the 
ſide oppoſrte to the inquired angle, 


As the Radius 
tothe line of the complement of che ſide: 
So the {ine of the angle giv+n, | 
tothe fine of the complement of the anglerequired, 
SointhereQangle A CB, having the angle BAC 23 gr. 
30 m. and thelideAC 27 gr. 54m. theangle ABC will be 
found 69 gr. 21 m. 


9s To find an angle by the other oblique angle, 
and the ſide oppeſite to the angle given. 


As the fine of the complement of the fide 
tothe fine of the complement of the angle giyen: 
Solis the Radius 
to thefine of the angle required. 
So in the re&angle, A C B, having BAC 23 gr. 30 #. and 
BC1s gr. 3o m. theangle A BC will be found 69 gr. 23 #r. 


$ Tofind an angle by the baſe, and the ſide 
oppoſere to the inquired angle, . 


As the fine of the baſe 
is tothe Radius. : 
So the fine of the fide 
to the fine of the anglerequired. | | 
So in the retangle B C D, having BD 18 gr. 47 m. and BC 


11gr. 30m theangle BDCwill befound 38 gr. 15 m. 
Theſe 


\V, 
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Theſe eight Propoficions have been wronghe by the ſinez 
alone; thoſe which follow require joynt help of the rangenr. : 
And foraſmuch as the tangent could not well be extended 
beyond 63 gr- 30m. Iſhall ſer down two wayes for the reſo- 
Jation of each Pcopoficion; if the one will not ho!d.the other 


may- 


g To find a fideby having the ather ſide,and the 
angle oppoſite tothe taquireu fide. 


i Asthe Radius 
tothe fine of the fidegiven: 
Sothe targent of the angle, 
cothe tangent of the fide required. 


2 As the fineefthe fide given, 
is tothe Radius: 
So the tangent of the cemplement of the angle, 
tothe taygent ofthe complement of the fide required. 
SointheReQangle A CB, having the fide AC 27 Gr. 54 
m, andtheavgleBA C23 Gr.30m. the fide B C will be 
found to be 11 gr, 30m, 


Io Tofind, afide tyhating the other fide, and 
the angle nextihe inquired ſide. 


1 Asthe tangent of the angle» 
tothe tangent Of the fide given: 
So is the Radius 
to the fine of the ſide required, 


2 Asthetangent ofthe complement of the fide, 


10 rangent Of the complement of the angle: 
Sois the Radius 


tothe line of the fide required, 


This 
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This and the life, wherethe rangent ftanderh inthe fic - 
place, are belt wrought by parallel entrance. And ſo in the 
rectangle B C D, having BC the fide of declination 11 gr. 30 
m.and B D Che angle of the complement of the latitude 3$ 
G-. 15 mz. the fide D Cywhich is the aſcenſionall differencegwill 
be found 14 Gr. 57 m, | 

By the aſcenſionall diffcrence is given the time of the Suns 
riling and ſetting, and length of the day ; allowing an hour 
for each 15 gr:and 4 minutes of times for each ſeverall degree. 
As1athe example thedifference between the Sunnes aſcention 
in a right ſphere, which is alwayes at 6 of theclock, and kis 
alcenſton in our latitude being 14 gr,57 m. it ſhewerh that the 
Sunne riſeth very near an hour before 6, becauſe of the Nore 
thern declination; or after 6,if the San be declining to the 
Southward. | 


11 Tofind a ſide by knowing the baſe, and the 
anel: adjacent next 1 the inquired fide, 


1 As the Radius 

tOthe line of the complement of che angle: 
Sois the tangent of the baſe, , 

tothe tangent of the ſide required. 


2 As thefine of the complement of the angle 
isto the Raaius: RE ; 
So the tangent of the complement gf.che baſe, 
co the tangent of the complemcuche ſide required. 


Soin the reQangle A C B, knowing the placeof the Sunne 
from the next equinoXiall point, and the angle ot his greateſt 
declination, we may find his right aſcenſion: viz. the baſe A 
B z0gr.andtheangleB AC 23 zr. 30m. being given;the right 
aſcenſion A C will be found 27 gr. 4m , . . , _ 

f2 To find the baſe by &uowine the 
oblique angles, ef: fiuwgto 
| Akthe tangent of the one angle. © 


MAS tra 


a» WW" a 0 


SointhereQangle AC B, havingBAC 23 gr. 30 m. and 
ABC 69 gr. 22 m-the baſe AB will be found 30 gr. 


13 To find thebaſe, by kuowing one of the ſides,and | 
the angle adjacent next that fide. 


1 Asthe Radius 
is to the fine of the complement of the angle: 
Sothe cangent of the complement of the fide, 
tothe tangent of the complement of the baſe. 


2 As the fineof che complement of the angle 
isto the Radius 
So the tangent of che fide given, 
tothe tangent ofthe baſerequired. 


So intheReAangle AE B,having AC 27 gr. 54 m. and 
B AC 23 gr; 30m. the baſe AB will beiound 30 gr; 50 m. 


14 Tofindan angle, by knowing both the ſides. 
1 As the Radius 


is to thefine of the fide next the inquired angle: 
$o the tangent of the complement of the oppoſite (ide, 
rothe'tangent of the complement of the angle required 


2 As thefine of the fide next the inquired angle, 
istothe Radius; 
So the tangent of the oppoſite fide, 
to the tangent of the anglerequired. 


| SintheReangle A CB, having AC 27 gr, 54 1m and 
B C 11 gr.30m.the angle at A will be found 23 gr- 39m-and 
the angle at B 69 gr. 21 m. 


3 15 To 
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tothe tangent of the complement of the other angle: 

So is the R adius 
co che fine of the complement of the baſe. 


96 Reſolution of ſpherical Triangles, 


15 To finde an angle, by knowing the baſe, and 
the ſide next adjacent tothe inquired angle, 


1 As the tangent of the complement of the fide, 
to the tangent of the complement of che baſe: 


So is the Radius 
to the fine of the complement of the angle required. 


2' Asthe tangent of the baſe, 
co the tangent of the ſide: 
So is the Radius, 
£0 the fine of the complement of the angle required. 


So in the retangle B CD, having the baſe BD 18 gr. 47 m. 
and che fideBC 11 gr. 30m. the angle DBC between them 
will be found 53 gr. 15 m. 


16 To find an angle, by knowing the other 
oblique angle, and ibe baſe. 


x As the Radius, 
to the line of the complement of the baſe: 
So the tangent of the angle given, 
to the tangeat of the complement of the avglerequired. 


2 As the fine of the complement of the baſe, 
is to the Radius: 
So the tangent of che comple ment of the angle given, 
to che tangent of the angle required. 


Soin thereQangle A CB, having the angle at A 23 gr. 
30m. and the baſe A B 3ogr. theangle ABC will be found 
69 gr. 22m. 

Theſe bxteen caſes are all thatcan fall outin a re&angle 
triangle: choſe which follow do hold. | 


Is 
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In any ſphericall triangle whatſoever. 


t7 To find a fide oppoſite to an angle given, by knowing 
one fide, and two angles, whereof one is op- 
poſite to the grven ſidethe other 
to the ſiderequired. 


As the fine ofthe angle oppoſite to the fide glyen, 
is cothe line of thac ſide given; 
So the fineof che angle oppoſite to the fide required, 
tothe fine of the ſide required. | 
Soin the triangle A BE, having the place of the Sunne, 
thelaticude, and the greateſt declination, we may find the 
amplitude. As having AB 3ogr. BAE 23gr. 3om.andAEB 
28 gr. 15 m. the fideBE which is the amplicude,will be found 


18 gr. 47 Ms 


13 Tofind an angle oppoſite toa ſide gruen by having 
06 angle and two ſides, the one oppoſite 10 
the gruen angle,the other to 
tbe anglerequired. 


Az the fineof the fide oppoſite to the angle given, 
is to the fine of that angle given: 
| Sothe fine of chefide oppolice tothe angle required, 
tothe fine of the angle required. 


Sointhke triangleZP S, having the azimuth, and alti- 
tude, and declination, we may find the hour of the day. As 
havirgP ZS 130gr.3 m. PS 7ogr. andZS 4o yr. the an- 

leZPS, which ſhewerh the hour from the meridian ſhall 
be found 31 gr. 34 m. 


1g Tofind ax angle by knowing the three ſides. 


This propoſition is moſt uſefull , but moſt difficule of all 
Q 2 others 
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Ochers:as in Arithwetique,ſo by the Sefor,yet may it be pers 
formed ſeverall wayes KNIT SOA 6! | 


1 According to Regiomontanwd and others. 


As the fine of the leſſer fide next the anglerequired, 

to thedifference of the verſed fines of the baſe and d 'fre- 
S2 is the Radius nc che Tedd __ (renceof the ſides: 

co a fourth proportionall. 

Then as the hiae of the greater fide next the angle required 

is to that fourth proportionall: 
So is the Radius 

co the verſed line of the angle required. 

So in the triangle Z P Shaving the fide PS,the complemenc 
of the declination 70 gr. 0 ms. tac fide Z P the complement of 
the latitude 33 gr, 30m, and the baſe Z Sche complement of 
the al:icude 40gr. the angle of the hour of theday ZP $ will 
be found 31 gr. 34m. which is 2 þ, 6 #s. from the meridian. 

For the baſe being 40 gr. 018. and thedifference of the fides 

38 gr. 30m, and 70 gr. Om. being 31 gr. 30m. the difference of 
their verſed fines will be the ſame wich the diſtance between 
the righcline of 50gr.and 58 gr. Zom. This difference I cake 
out, and make ic a.parallel line of the lefler fide 38 gr. 30 m. 
{0 the parallei Radius.will be the fourth proporcionall. Then 
coming tothe ſecond operation, I make this fourth propor- 
cionall a parallel fine of the greater fide of 70 gr.0 x. and take 
our his parallel Radius.For this meaſured from go gr.toward 
the center, will bethe verſed fine of 31 gr. 34m. 

In the like ſort in the ſame triangle Z P S, having the ſame 
complements given, theangleP Z 8 which is the azimuth 
fromthe North part of the meridian, will be found 130 gr. 
3 m. For herethe baſe Oppoſite to the angle required being 
70 gr. and the difference of the fides 38 gr. 30m. and 40 gr. 
being 1 gr. 30m. the difference of their verſed fines will be 
cheſame with che'diſtance between the right lines of 20 g 
and $8 pr. 30m. This difference take, and make ir a parallel 
fine of the leffer fide 38 gr. 30m.ſothe parallel Radius will 
be the fourth proportionalh.' "Fhrencoming to the ſecond 0+ 
peration, I make this fourth proportionall a parallel fine - 
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_ thegreaterfide 4ogr. and take out his parallel Radius. For 

this meaſured from 90gr. beyond the center in the lines of 
fines ſtretched forth at their full lengch, will be the verſed fine 
ol 130 gr. 3m. | 

2 Imayfindan avgleby knowing three ſides, by that 
which I have elſewhere demonſtrated apon Barth, Pitifcw, 
and that at one Operation inthis manner. $04 


As the fine of the greater fide 
isto the ſecant of the complement of the other ſide; 
So the difference of fines of the complement of the baſe, 
and the ark compounded of the the leſſer fide with 
Complement of the greater, | 
to the verſed fine of the angle required. 


So inthe ſametriangle ZP S, having the ſame comple» 
ments given, the angleat ?, which. ſheweth ,the houre from 
the meridian,will be found as before.31 gr. 34m _ 

For the fides being 38' gr. 3d m. and 70gr. 0nItake the ſe» 
cant of che complemenc of 38 gr. 30m. and make ita paral» 
lel fine of 70gr; thenkeeping the Sefor at this angle, 1 
conſider that the complement of 70 gr. being 20 gr: added 
unto 38 g. 30m. the compounded fide (which is here the 
meridian altitude) will be 58gr 30m; and chat the baſe bes 
ing 40gr, the difference of fines of the compounded fide. 
and the complement of the bafe will be (as before the di- 
ſtance between the fines of 50 gr. and 58gr. 30 m. Where- 
fore Itake out this difference, and lay iron both thelines of 
ſes from the center: fothe parallel rakentin';the cerrmmes of 
this difference, and meaſured from'90 gr. toward the center, 
dorh givethe verſed fine of 31 gr. 34 m- 

This example, of finding the hour of theday might other» 
wile have been propoſed in theſe termes. | 
* - Asthe fine of the complement of the declination, - 
is to the ſecant bf the Latitude PE 

S5 the differerice between the line of the altitude propoſed 
and the line of the meridian Altitude. 

O 3 to 
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tothe verſed fine of the houre from the Meridian: 


Then the Latitude being 51 g. 39', the declination 20 gr. 
northward, and the Altitude 5o gr. the work would be the 
ſame as before. 

The ether angles P ZS.P SZ, may be found in the ſame 
fort 3 but having the tides and one angle, it will be ſooner 
done by that which we ſhewed before inthe 18 Prop. 


20 Tofinda ſide by kaew. ng the three angles. 


If for the greater angle we take his complement to iSo gr. 
the angles ff all be turned into fides, and the fides into an« 
gles,and che operation ſhall be the ſame,as in the former Prop. 

As in che triangle Z PS,having the angle ZP S 31 Gr. 34. 
ZSP30gr.28andPZS 130gr. 3', I would cakethe greater 
angle of 130 gr. 3). outof 180 gr, and there remaine 49 gr. 
57. Thenas I had a Triangle of 3 known fides, one of 
31 gr- 34, another of 3o gr. 20' anda third of 49 gr. 57', I 
would ſeek the angle oppoſite to one of theſe fides, by the 
laft Prcp. So the angle which is thus found , would be the 
fide which is here required. | 


21 Tofind «fide, by having the other two ſides, 
and the angle comprehended. 


This propofition being the converſe of the nineteenth, 
may be wrought accordingly; but the beſt way both for ic 
and thoſe which follow, is to reſolve them into two re&an- 
_ by letting down a perpendicular, as was ſhewed in the 

DTIUE TP. . 

Sointhectriangle Z PS, having Z P the complement of 
the laticude, and P'S the complement of the declination,with 
ZPS the angle of the hourfrom the meridian,we may finde 
ZS che complement of the altitude of the Sonne. 

For having let down the perpendicular Z R by the Mena 

rop 
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Prop. we have two triangles, ZRP. ZRS, both reQangle 
at R. Then may we finde the fide Þ R,cither by the ſecond, or 
tenth, oreleyenth Prop. which:aken out of ÞP S, leaveth the 
fide R S: wicththis R S and ZR we may find the baſe Z 5 by 
the fourth Prep. 

Oc having ler down the perpendicular S Af, wehave two 
retangletriangles S A/Z, S AP. Then may we finde JAP, 
from which if wetakeZP, there remaineth H/Z: but with 
XM Z and 8 71, we may finde the baſe Z 5. 


223 To finde aſide, by baving the other two ſides, and one 
of the angles next the inquired ſide. 


Soin the triangle ZP 5 having ZP the complement of 
the latirude, and PS che complement of che declination, 
with P Z S che angle of theazimuth, we may finde Z S the 
complement of the altitude of the Sun. 

For having ZP, and the angle ac Z, we may to 5Z produ- 
ced, let down a perpendiculac PV. Then we have wo re&- 
angle triangles, PVZ,PVS, wherein if we finde the fides 
VZ;VS, and take the one eutof the other,there will remain 
the fide required Z 8. 


23 To finde the ſide, by baving one fide, and the two 
angles next the inquired. fide. 


Sin thetriangle A BD, having AB theplace of the Snn, 
and B AD the angle of the greaceſt declination, and ADB 
the angleof che equator with the horizon, we may fiad. A D 
the oblique aſcention. | 

For having let down BC the perpendicular of declina» 
tion, we havetworeQangles criangles, ACB, DCB. Then 
may we finde AC che right aſcentien, and DC the aſcen- 
tionall difference ; and comparing the one with the other, 
there remaineth A D. 


24 To 
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24 To find a ſide, by havine two angles, and the 
fide incloſed by them. 


Soin thetriangle ZP S, having the anglesatZ and P, 
with che fide intercepted Z P, we may find the fide PS. For 
' having let down the perpe:Hjcular PV, we have twore- 
'Qangles PVZ,PVS. Then inzy wefind the angleVPZ, 

either by the ſeverith, or fifceeuth or -fixteenth prop. which 
 addedto ZP S,maketh the ang: V P S,with this V Þ S,and 
P V,we may find the baſe P'S, accurding coke 13 Prop. 


235 To fade an angle by baurng the ather two angles 
| and the pe tucleſed by them. 


So in the triangle ZPS, having the angles at Z andP, 
. with theſide intercepted ZP, we may find che other angle 
ZSP. Ferhavingler down the perpendicular ZR, we 
havetworcfanglesZRP, ZRS. Then'may we find the 
angleP ZR by the fixceenth Prop. and that compared with 
 PZS, leaveththeangleR ZS: with this R ZS and ZR we 

may find the angle required ZSR. according co the fixth 
Propoſition. ES FSRT E) 


26 To find an angle, by having the other two angles, 
and one of the fides next the inquired angle. 


Soin thetriangle A B D, having the angles at 4 and D, 
with the fide A B,we may find the angle A BD. For having 
let down the perpendicular BC, wehavetwo reAangles, 
ACB,DCB. Then may we find the angles ABC,DBC, 
andtake D BCoutof A BC; for ſo there remaineth the 
angle required A BD. | K | 


ag Tofindas angle, by knowing two ftuts,and 
the angle contained by them. 
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So in the triangle ZAPS, having the fides ZP, PS, wich 
the angle comprehended ZP'S, we may finde the angleP Z9. 
For having ler downe the 'perpendicular SM, we have two 
retanglesS A4Z,S AUP. Then may we finde the fide MP, 
and raling ZPoutof MP, there remaineth MZ: with this 
AM Zand the perpendicular M S, we may finde the angle 
M Z S, by the fourtecnth Prop: This angle M ZS, caken ous 
180 gr-there remaincth P ZS, 


23 To find ax angle by knowing the two fides next is 
and one of the other angles, 


Soin the triangle Z P'S, having the fides ZP, and P'S, 
with the angle P ZS, we may findethe angle ZP S; For ha- 
viog ler down the perpendicular PF, we have two re&an- 
gles P V Z,P VS. Then may wefinde the angles VPZ,VPS; 
and taking VP Zout of V Þ S, thereremaineth Z P'S, which 
was required. 

Theſe 28 caſes are all that can fall out in any ſpbzricall 
triangle : if any do not preſently underſtand them, let them 
once more reade over the uſe of the glgbes , and they ſhall 
ſoone become eaſie untothem. 


CHAP, VI. 
Of the uſe of the Meridian line 
#1 Naligation. 


He: Meridian Tine is here ſet on the fide of the S:&or 
firetched forth ac falllengeh,on the ſame plane with the 
line of lives and Solids;and'is divided anequally toward $7 gr: 
: OY P © (whereof 


; "Qs 
- © 
#. 
4. 
k FE 
—_— 
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(whercof 70 gr. are about one half) in ſuch ſort as the Me» 


ridian in the Chart of Xercators projetion. - The uſe of it 
may bes | 


1 To dtvide a ſea Chart according ts Mercators 
projedtion. 


If a degree of the zquator 0n the ſea-chart be equall to 
the hundred part of the line of /ines in the SeQor, the degvees 
of che Meridian upon the Sefor, (hall give the like degrees 
nvponthe ſea chart : if otherwiſe they be unequall, then may 
the meridians of the ſea-chart be divided inſuch ſort as the 
line of Aerideans is divided on the SeFor, by that which we 
ſh-wed before in the 8 prep. of the line of lines. 

But to avoid error, 1 have here ſet downe a Table, where 
by the Meridian line may be divided out of the degrees of 
the Zquatcr, ſuppcling each degree in the Aquator, to be 
ſubdivided into a chouſand parts. By which Table, and the 
nſuall Table of Sines, Tangents, and Secants, the proportions 
following may be alſo reſolved arithinetically. For the man- 
ner of diviſion, let the zquator be drawne, and divided, and 
crofſed wich parallel{ meridians,as in the common ſea-chart: 
then looke into the Table, and let the diſtance between the 
Aquater and 4ogr. in the meridian, from the zquator, be 
equall co 43 gr. 711 parts of the Xquator; let $5O gr. in the 
meridian from the #quator, be equall to 57 gr. 909 parts of 
the equator, and (o in thereſt. 

The making of this Table is, by addition of Secants. For 
the ParaBels of latitudes being lefle then AMquator or Me- 
ridianin ſuch proportion , as the Radius is to the Secaut of 
the Parallel. For example, the Parallel of 60 degrees of 
Latimnede is lefle then the Xquator (and conſequently, each 
degree of this Paralelof 60 degrees lefle then a degree ofthe 
zquator,or Aferidian) in ſach proportion as Io0oo0 the Radi- 
x hath unto 200000 the Secaxt of 60 degrees. 
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 F'bt wſedfthe Meridian line; 


'*- © Wiehes C dere i hi > perf ine B 
7; arving heap e firſt Meridian and crofle it with 2 perfen(li- 
/'/* culars BE and AD.the one at the upper endghe ether'at the 
Wl e 


owerend of the Chart ,' which may ſerve gh the extr 
Parallels of Latitude. [1 | . 
. Then conſidering at what Latitude the Chart is to begin 
' and end, & that this Chart entended for the latitude of theſe 
parts, is to begiri at 50,gr. and ſs end ati55 gr. iBlook into the 
Fable and find that 50gr: of latitude mult be drawn'ac 15 


" v 


z | - gr+909 parts; and 55 gr. of latiende at"6677: 1134 party, from 


the Xquator; and that the Meridian diſtange between {he 
Parallel of 50 gr. and 55 gr. of Laticude muft be equall to Sigr. 
225 parts ofthe Aiquatori Whereupon I take the line'-A} B 
out of the Meridian line and diminiſh ict in ſuch proppreiþn 
as 8. 225 hath unto 1000per3Prop.:Lin. and; with thax ex* 
| tent of the Compaſles I divide\the ewo extreme. Pacallyls of 
' Latitude intoequall degrees, and through each degree draw 
meridian linesparallel to the firft meridian', noting. them 
with 1.2. 3- 4. &c. and then, I ſubdivide either one gr all 
of thoſe degrees into 10parts, and (jf Imay) pach tenth part 
.' Into 10 parts mare, but howſoever, 'l ſuppoleicach degree ito 
- be ſubdivided into 10coparts.” (8; \ 
The meridians being drawn, Icome to the parallels of la 
ticude, beginning at 50 gr. EZ i: ' 
Aed finding in the Table, that the diſtanſe between the 
Fquator and 50gr. inthemeridian- ſhould-beequall ro'57 
 £7-9v9 parts in the Xquarorand higparalle{s ay uppoſe 
the loweſt Paralle] cobe 57. pr. from.che Mi "= CM fo the 
diſtance becryeen this loweſt Parallel and the Parillel of 50 
gr- will beonly 909 parts. Wherefore I take theſe 909 odd 
parts, outot che degreethat divided befote, and prick. them 
downin the ewop-uttermoſt meridians frem; the, loweſt Pa- 
rallel upwards, and there draw: the Patallel of $o gr. of 


la itude. SENE, 


In like manner becauſe Tfnd by the table that thadiſtance 

| berwenthe Fquator and 51 gr. in the metidian is. $9 gr 

 ,483 papiy Of che Zquatory. I abate the former 57 ge: ard 
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-Joweſt Parallel, ah is Parallel of! &x : wherefore I 6 


| prick chamdown FOUL TA 0 
mY Fromchelowel Pall apward, and;there drays the Paral»> 


. andishererepreſented by AC D E:; wherein the outwar 


Yhe wſeif the Meridian line: 


theſe 2 degrees 43 parts out of the line þefore divided, al 


» o , 


ih, the two uttermoſt'] nS(es 
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el of 33 degrees oflatitude. ' | 
If any defire to have his chart agree with his Fe&or,he may 
make each degree of longitude equall to the tenth part of 
theline of /izes, and divide the meridian of his chart out of 
the'Se&or: ſo ſhall each degree of the chart ,\'be'ten times/as 
large as the like degree on the Scfor , 'and the work be eafi 
from the one tothe other. | | | 
Oche may divide the Meridian of his chart by the fide of 

a ProtraRor, ſuch avis commonly uſed by ſurveiors of land; 
art of the ſemicircle ABC is divided equally into 180. pr: 
he inward part equally into 16 Rumbs, and each Rumb 
ſubdivided into 4. TY | 
Thelines CD, DE, E Adivided equally acording e6 
theline of lines upon the Stor , or the parallels upon the 
Chart. Oaly the Diameter'A C would be divided unequal- 
ly by letting down occult. perpendicular lines upon it, frm 
each degreeinthe ſemicircle which being done the interme- 
diate part between the Rumbsz and the Diameter may be all 
cut forth : and the backlide of the long ſquare may be filled 
with 6 lines of chords 4. or ſcales of ſeverall parts in the 
inch. "YI E | 
So may the meridian bedivided by the parts of the fide E 
D, the angles of each Rumb may readily be pricked down 
by the degrees in the Semicircle, and theline of chards and 
the other ſcales may ſerve to do. the like wich \mere 
varictie. tee. SE ; SN | 


a To find bow many lta 2ues anſwer | = 
of longitude in every ſeveral latitude. 1 ; | 
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The uſeof the Meridian line; r15 

In ſailing by the conpaſſ:, the courſe ho!ds ſometime 
upon a great circle, ſometime upon a paraliel to the 2q1a'0'5 
but moit commonly upon crooked lines winding cowards 
ane of the poles, which lines are well known by the -name of 
Rambs. 

It the courſe hold upon a great circle + it 's either North or 
South, under ſome meriuian or Eilt or Weſt , under the #- 
quator. And in theſe cafes, every degree requires an allow- 
ance of twentlie leagues, every twentieleaguzs will make a 
degieedifference in the ſailing : ſo.that here needs no fur- 
ther precept then the ruie of proportion in the Chapter of 
liner. | 

Pat ii the courſe hold Exſtor Welty 07 ar.y of the parallels 
tothe #quator; 


As the Rading 
is tOtwentie leagues, the m2 u1ure of one degree at the 
| ator. 
So te fine of the complement of the !1titude 
tothe meaſure of leagaes antizrecing to one degreein 
that latitude. 


Wherefore I cake 2oleagues cnt of the line of lines, and 
makeit a parallel Radias, by tictiug ir over in the fines of 
90 and 99: (o his parallel {ine taken oat of the complement of 
the latitude, and meaſured in theline of Lizer, (hall ſhew the 
number of leagues required. 

Thus in the lacicude of 15 gr, 12 1m. we ſhall find 19 
leagues anſwering to one degree of longitude, and 18 
leagues in the latitude of 25 gr. i5 m, as in this 
Table. | | 
: {7 This; may be done more .readily without opening 
the; Sear , by doubling the fine of the comple» 
merit;;of the latitude , as may appear in the ſame ex» 
awple. 

!: It may: alſo be done by the line, ' of meridians 
eicher;-ppon the Sefor, or upon the chart. For if 
| G3 we 


116 The uſe of the Meridian line, 
we open a pair of compaſſes to the quantitic 
of onedegrzeof longitude in the xquator, or one 
of his Parallels & meaſure it in che meridian line 
ſetting one foot as much aboye the lacitude gi- 
ven,as ihe Other falleth beneath ic,ſo that thela- 
titude may be in che middle between the feer of 
the compaſles, the number of leagues intercep= 
ted ſhall be that which was required. 

But if che courſe hold upon any of the rumbs, 
between a parallel of the zquator and the me- 
ridian weaceto confides (belidesthe quarterof ' 
the world to which wetend, which muſt beal- 
ways known.) 

1 Thedifference of longitude atleaſt in genera)l, 

2 The dift-renceof laticude,8& that in particular,* ' 
3 The rumb whereon the courſe holds. 

4, The diftanceupon the rumb, which is the di+ | 
ftance, which we are hereto conſider, and is al- | 
wayes ſomewhat greazer then the like diſtance j{2-— 
upon a greater circle. And for theſe firſt I ſhew 

in gencrall cis third Prop. 


bc: Ta To find hw many leagues do anſwer to one degree 5 
2 pe of lat:tude in every ſeveral Rumb. 


The Seamens compaſſe is commonly divided into 3+ 
points, the balfinto 16, the quarter into$, which bavetheir 
names ofNNbE, N NE. &c. accordingto thoſe parts 
of che world co which they point. Anſwerable to theſe points 
arethe Rumbes upon their chart; each quarter divided ines 
$;each Rumb 11 gr. 15* diftant one from ihe other; The 
fic} Rumb biing that which is 11 gr. 15). diſtant from the: 
Meridian; The ſecond 22 gr. 30 the third 33 gr. 45! and fo 
the reſt. And (if they have need of ſmaller parts) they ſubs: 
divideeach Rzmbinto quarters allowing = gr. 49. tothe firſt 
6 Yn; Or I 2 ts h *  , Quarter 
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quarter 5 gr. 37 tothe half, Rumb &c.as 
in the Table following. 

As the fine of the complement of the 
rarsb from the meridian, 

is to 20 leagues the meaſure of one 
degree as the meridiaa. 
So is the Radius 

cotheleagues anſwering to one de 
gree uponthe Rumb. | 


Asif iafſailingn Eb n,from 50 gr. of | 


North latitude, it were required how 
many leagues the ſhip ſhould run,befoce 
ic could cometo51 gr. of latitude, Be- 
cauſe chis is the thid Ramb and the in- 


clination thereof 33 gre 45 I would tak: | 


20 leagues &c. 

Whereforel take 20 leagues out of the 
line of /ines, and make it a parallei fine 
of 56 gr. 15* the complement of the 


Rumb from che meridian; ſohis paral- | 
'Jel Radias taken and meaſured in tbe | 24 


- line of lines, ſhall ſhew me 24, for he 
number of Icagues required. 

And chus in the fic Rumb from the 
meridian, weſhall find 20 lys 39 parts 
anſwering to one degree of latitude and 
21 lgs 65 parts in the ſecond Rumb, &c. 
- a$in this Table, where we ſubdivide 
each leagueinto a hundred parts, and 
ſhew beſides whar inclination thecumb 
hath co the meridian. | 

This may-be done morereadily with 
our opening che SeGor, by doubling the 
ſecant of the Rumb, as may appear in 
theſame example. | 


the 


Mkcſt we draw the Rumb, then wetake| 


The uſe of the Meridian line, 
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It may alſo be done upon: the chart, |. 
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113 The uſe of the Meridian line, 
the diſtance upon the Rumb between two parallels and med» 
ſureitin the meridian liue, as facabove the greater !atitade 
as beneath theleffer. For che number of leagues intercepted, 
ſhall be char which was required. | 

For example-in the ſecond chart Pag. 113 I ficſt draw the 
$Rumbs, from the interſection of the meridian with the Pa» 
rallel of 50gr. of latitude, eicher by the which I have ſhewed 
beforein the g=nerall uſe of fines Cap. 11 Prop. 10: or by help 
of the protraGion laſt mentioned. For, laying the center of 
the Protraftar. to the point of iaterſe&ion, (which is to be 
the center of the Rambs)and turning the diameter of the pro- 
rra&or, untill it be parallel to che Meridians of the chare 
Cwhich is chen done, when the Meridians and Parallels in 
the caarc fall under like divifions in the ProtraQtor) I may 
make one ptick at 11 gr, 15' another, at 22 gr- 3O\in out» 
ward part of the ſemicircle, and fo rhereſt. 

. Oc,having neither $:2,r nor ProtraQor, I would have a 
line of chords fer on the fideof che Ruler which T am to uſe 
from which I may coke 6c gr. and with that extenc ſetting one 
foot of the Compatl:s in the former point of interſeion, 
draw an Occult ark of a circle, and cherein prick down the 
former arks from the Meridian as in o > 11 Prop. 10. So, theſe 
arks being pricked dovn, by either of theſe wayes, theright | 
lines drawn through the center and thoſe pricks, ſhall be che * 
Rumbsrequired. 8 

The Rumbes being drawn, Itake the diſtance between 
the Parallels of 50oand 51 gr upon A C, the third Rumb; : 
and meaſuring ic inthe Meridian linelI find the compaſles to - 
reach from about 5- of a degree below theparallel of 50, bus 
:72bove the parallel of 51 gr.intercepting 1 gr-5; or 24 leagues 

;tuch as 20 make a degree. - i 

__ {Again, Icake the diſtancevpontheſame Rumb between 
the Parallel of 54 and 55 gr. which I find to be ſomewhat 
lohger then the former diltance between the Parallels of 50 
ang 51;but meaſuring it in the Meridian line according to the 
taricude of theParallella I find but 1 gx (or 24 leagues)as 


beforeforthe number of leagdes anſwering to one degree of 
Sela! Laticude 


The uſe if the Meridian line. I2ze 
Latitude upon this chird Rumb, 

And by theſamereaſon, I may find the number of leagues 
anſwering to a degree of Laticude upon the reſt of the Rumbs 
agrecable tothe Table. 

This confidered in generall, I ſhew more particularly in 
twelve Prop. following, how of theſe four any two being gi- 
vengtheother twe may be found,borh by Mercators chart,and 


by this SeFor. 


1 By one latitude Rumb aud diftance, to find 
the difference of latitud:s, 


Asthe Radius 
to the fine of the complement of the Rumb from the Me- 
So thediltance upon the Rumb, (ridian: 


co the difference of latitudes. 


Let the place given be A in thelatitude of 50 gr. C ina 
greater latitude, butunknown , the diſtance upon the Rumb 
being 6 gr. between them, and che Rumb che thicd from the 
Meridian. 

FicſtIrake 6 gr. from the diſtance upon the Rumb, cur of 
the line of /znes and make it a parallel Radius, by putting ic 
over in-che fines of 90 and 90. Then keeping the Sedor at this 
angle; cake oatehe paratiel fine of 56gr. 154 m. which is the 
fine of the complement of the third Rumb from the Meridian 
and meaſuting it inthe line of Iines, I find ict to be 5 gr. & ſuch 
iisthe Hiflexenceof latitude required. | 
151 T Qrimay takeout the'fine of 56 gr. 15 m. forthe comple- 
-maniodfrberiiird Rumbfrom the'Meridian, and make it a 
.patailel Radius 3 then keeping the SeQor at this angle ,I cake 6 
gr.jforthediltance vctther our of the line of l:nes, or any other 
{cale of equall parts , or elſe out of the meridian line, and lay 
fdbnbpetviidee of the Seder from the center , either on the 
die at1ineov fret fo the pariltel caken from the recmes of 
thirdifiarice undarcaftred/io the ſamei{cale wherein the di- 
fancewasmeaſared; ſhall ſhew the difference of latitude to 
be 5 gr. as before. R But 


 1ad The uſe of the Meridian line. 
But in ſhorter diſtances,.ſuch as fall within the compaſſe 
of a daies ſailing, this work will hold much becter. As may 
appear by comparing the work with the Table following: 
wherethe numbers in the front do ſignifie the leagues; thoſe 
In the fide, the Rumb; and the reſt in the middle, che diffe- 
rence of laticude. => 
In the Chart let a meridian A B be drawn through 4, 
andin A with AB, make an angleof the RumbB 4A C. Then 
open the compaſſes, according tothelatitade of the places,to 
EF the quantitie of 6 gr. in the Meridian, cransferring them 
intothe Rumb from AcoC, and through GC draw the paral- 
tel B C, crofling the Meridian AB in B: ſothe degrees in the 
Meridian from A co B, ſhall ſhew the difference of latitude co 
be 5 gr. 


2 By the Run b and both latitudes to find the 
arſtance upon the Rumb, 


As the fine of the complement of the Rumb from the Meri- 
isto the Radius: (dian 
So the difference of laticudes, 
£0 the diſtance upon the Rumb- 


As if the places given were A in the latitude of 50 gr. 
Cinthe latitude of 55 graand the Rumb the chicd from: the 
Meridian. 

HzreI may. take 5 gr. for the difference of latitude out of 
the line of /ines, and putt over in the fine of 56 gr. 15 m. for 
the complement of the third Rumb from the Meridian: Then 
keeping the Seer, at thisangle, Itake out the parallel Ra- 
dias , and meaſuring itn the line of ines, I find ir tobe 6 gy. 
__ ſuch is the diſtance upon the Rumb, which. wasrequi- 
red. 

Or I may takethelaterall Radius, and make ita paralle| 
fine of 56 gr, 15 m, the complementof the Rumb from thy 
Meridian : then keeping the Se&or at this angle, Itake 5 gu, 
for the difference of latitude, either out ofthe lineof lines, 

or 
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The uſe of the Meridian line. 1:5” 
or cut of ſome other ſcale of equall parts, and lay ic ow borh - 
fides of the Sefor from the center , either on the tine of lines 
or of fizes: ſa.the parallel taken from the termes of his diffe- 
rence, and meaſured in the fame ſcale with the difference, 
(ball ſhew the diltar.ce upcn the Rumb to be 6 pr. or 120 
leagues. 

Qe keeping the SeQor atthis angle, I may take the differ- 
ence between 50 gr. and 55 gy. out of the Meridian line, and 
meaſuring it in the Mquator, Iſhall find it to be cquall to $8 gr. 
22 p. of the Xquator. Wherefore I cake the parallel berween 
$22 and 822 out of the line of lines, and meaſuring it in the 
Incof /ize: I ſhall find it to be 989; which ſhe ves that accord- 
ing co.chis projeQion , the diitance upon this third Rumb, 
anfwerable tothe former difference of latitudes,will be equal 
109 gr. $9 p.of the Xquator. | 

- OctheSeQorremaining at this angle, I may take the diffe » 
rence between 50 gr. and 55 gr. out of the Aeridian line, 
and lay it fromthe center on both fides of the Sc&r, either 
on the line of line- or of fines : ſo the parallel taken from the 
termes of this difference, (hall be the very line of diltancere- 
quired, the ſame with A Cor EF upon the chart; which may 
{erve for the better pricking dowy, of the diſtance upon ihe 
Rumb, without taking ic forth of the 27cridzan line asin the 
former Prop. Eo 

Oc if the Rumb fall nearer to the Xquatorgthat thelaterall 
Radius cannot be fitted over in it, this propoſition may be 
wrought by parallel entrance. 7s 

For if I firſt cake out the fine of 56 gr. 15 m.. and: make it 23 

arallel Radius, by ficting it over in the fines; of '90.and 90, 
or inthe ends of the line of inev,, and.then. take. 5. gr. forthe 
difference of latitudes .out of the line of /zpes, and carsieic.par 
ralltel. to the former, I fhalifind it tocrofle, both lines. of lines 
+ the points of 6: and ſoir gives the ſame diftance-/as be- 
ore. | 7 | 
_ Qc.ifthe diftance be ſmall, ic way be found by theformer 
Table. For the Rumb being found inthefige of.che,; Table, 
. andthe difference of latitude in the ſame linez the top of the 
R 3  columne 
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columne wherein the diffcrenceof laticude was found, ſhall 


give thenumber of leagues in che diſtance required. 

Or we may find this diſtancein the Table offRumbg in the 
fift Prop following.For according to the exampleleok into the 
Table of thethird Rumb for 5 gr. of laticude, and there we 
ſhall find 6 gr. 10 parts under the title of diſtance. 

So if the differenceof laticude upon the ſame Ramb were 
50 gr. the diſtance would be 60gr. 13 parts. If che difference 
of latitudeupon the ſame Rumb were only ; ofa degree, 
the dittance would be only 60 parts, (ſuch as 100 do makea 
degree. | 

: In the chartleta Meridian A B be drawn through A,and 
parallels of laticude through AanGC; and thenin A with 4 
B make an angle of the RumbB AC: fothe diſtance taken 
from A to C, and mealured in che Meridianline,according te 
the latitude of the places ſhall be found co be 6gr. or 120 
leagues. And ſuch is thediſtancerequired, | | 


3 3y the diFamce and both latitudes 
10 find the Rumb. 


As the diſtance upon the Rumb, 
tothe difference of latitudes: 

Sois the Radius (ridian. 
to the fine of the complement of the Rumb from che Me- 


As if the places given wereA inthe latitude of 50. gr. 
Cin the laticudeof5 5 g- the diſtance between them being 
6 gr. apon the Rumb. FirſtI c2ke 6 gr. for the diſtanceupon 
the Ramb, and lay it on both fides of the Se&or from the cen+ 
ter; then out of the ſame ſcalel cake 5 gr. for the difference 
of latitude, and to it open the}Se&vr in the termes of the for- 
mer diſtance: ſothe parallel Radius taken and meaſured in 
the fines, doth give56 gr. 15 w. the complement whereof 33 
gr. 45 m. is theangleoftheRumbsinclinatiog to the Meridi- 
an,which was required, |! FW Fu - 


, 
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 Theaſeefike Meridian line, 127 
Th the chart leta Meridian A B be drawn through A, and 
paralle!s of latitode both through A and C; then open the 
compaſſes according ro the latitude of theplacesto EF che 
quantitie of 6 gr, in the Meridian, and ſetting onefoet in A 
cura the other till it crcfleche parallel B CinCG, and draw: 
the right line A C:ſ\othe angle BAC ſhall ſhew the inclina» 
tion of the Rumb tothe Meridian to be 33 gr. 45 m: as before. 
Theſe three laſt Prop. depend one on the other, and may 
be wrought as truely by the common Sea-Chart as by this of 
Merestors proje&tion : and: therefore. in working. them by 
the Se&or , the diſtance and the differenceof latitudes may as 
well or better be taken out of the line of /ines (which: here 
repreſentethihe Aiquator) or any 0:her line of equall parte, 
" az out of the inlarged degrees in the AZer;dianline. But in the 
propoficions following , -the difference of longitude muſt be 
taken out of the Aquaror; the difference of latitudes and di- 
ſtance upon the Rumb, muſtalwayes be caken out of the Xe- 
ridian line z- which Icherefore call cheproper difference, and. 
proper-diftance.. 


'4 By the longitude and latitude of two places 
to find the Rumb., 


As if the places given were Ain the Jatitude of 53 gr. Cin 
the latitude of 55 gry and the difference of longicude between 
them yere 5 gr- 30m | 

In che chart let Meridian and parallels be dtawn throngh 
A and C, and a ftraightline for the Ramb from A to C; then 
by that weſhewed Cap. 2. Prop. 9. inquire the quantitie of the 
angle B A C, and ie hallbe found to be 33 gr. 45 m. which is 
the third Rumb from the Meridian. Whereforeche proporti- 
on holds for the Sefor, | 

As A B ihe proper difference of latitude, 

| © ig co BC the difference of longitude: 
SoA Bas Radius, '. | . © : 7 
toB Cthe tangent ofthe Rumb fromthe Meridian. © 

According eo this Itake the proper difference of —_ 

| rom 
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"from 50 gr. t0 55 gr. out of the line of Meridiazr , ani lay ic'on 
' both lides of the Sefor from the center; then I cake the differ» 
ence of longicude 5 gr. } out of the line of liner, and to it open 
the Sefr in the termes ofche former difference of latitudes: ſo 
the parallel R adiw taken from between 90 and got and mea» 
ſured in the greater tangent on thetide of the SeFor, doth give 
33 gr . 45 m. for the Rumb required. 

But ifche Rumbfall nearer to the Mqu ator; 


As 4D the difference of longitudes, | 
is co D Che proper difference of latitudes: 
So AD che Radius, 
eo D Che tangent of the Rumb from the #quarory 


According to this Itake thie former difference of latitudes 


from 50gr.to 55 g7- out of the line of Aferidians; and tO ig 0: 
pen the Sefor in the termes of the differen:e of lengictude 
reckoned inthe line of lines fromthe center,ſo the parallel Ra- 
dius taken and meaſured in the tangent, dothgive56gr. 15 me 
for the Rumb from the Xquator: which is the complement to 
the former 33 8's 45 m and\ſo both wayes it is found to be rhe 
chird Rumb from the Meridian. - 

Bat if this Rumb were to be found in the common Seachart, 
ic ſhould ſcem to be above 47 garnet is more then pronce 
. Rumbfrom the Meridian. - eg 


5 By the Rumb audboth latituates to find the | 


di Yſeilncs of longitade. 


| As if theplaces piven aditke lanicadenf cD.anand 
Cinthelacicudeof 55 gr. and thefRumbrherhicd £5om he 
Meridian. 

Jathe chart, let a'Meridianbe Ss hong h A. and a 
parallel of lacictochinagtscGaabadin>d with A; B make 
the an of the Rumb from the Meridian: B.& Ga (anyas 

10) '$bxbe ciegrees i in [the parallel " 
> Flat be fond !t0''5 gre gig ' the diSprencs of 


longicade 


nwats B cod c, 
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longitude which was required. Wherefore the proportion 
holds for the Ser. 

As A B the Kadiug, 

coBCrthetangent of the Rumb from the meridian : 
So A B the proper difference of the latiiudes) 
to BC thedifference of longicude. 

According to this we may take thetangent of che Rumy 
which is here 33 gr.45 m. from the meridian,ou: of the prea- 
ter tangent on the tide of the Sefr, and purting ic over be- 
eween 90 and 90, make ita Radius: then keeping the SefQr 
atthis angle,take the proper difference of laticudes from 55 
gr.t055 gr. out of the line of Aderidians, and liy ic on both 
tides of the S: tor from the center-lothe paraliel taken frem 
the cermes of this difference,and meaſured in the line of /jnes 
ſhall ſhew the differeace of longitude to be 5 gr. 2. 

Or if the Rumb fall nearer the #xquacor. 


AsDCthertangent of che Rumb from the cquator, 
co AD che Radins: : 

SoCD che proper difference of the latirudes, 
co A D the difference of longitude. 


According to this, we may beſt work by paralle] entrance, 
& &t raking 56 gr. 15 m. ſor cheangle of the Rumb from the 
equator, our of the greater tangent, and make ica parallej 
Radius : then take che proper difference of latitudes outo 
che ſine of meridians, and carrie ic parallel co the former: {© 
we ſhajl finn ic co croffe the line of lives in 5 gr. 5: And this is 
the diff-rence of longirude zequired,the ſame as before. 

Buc if this difference were tobe found by the commo n 
ſea-charc, ic ſhould feem to beonely 3 gr. 20 m. which 38 
more then 2 degrees lefſe chen the truth. And yet this errer 
would be greater, ifeicher the latitude be greater, or che 
Ramb fall nearer che Xquator, as may appeare by comp, 
ring the common ſea- chart wich the Tables following. 
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138 Theuſe of the Meridzan line. 

Theſe tables are calculated for each of the Rymbs. 

The firſt ſeven have three colomnes, and of them tHe f: 8 
containeth the degrees of Latitude from the Mquinc ia! ig 
the Pe : the ſecond doth give the difference of Longi:ule; 
and the third the diſtance, both of chear beloygir:g co char 
Rumb and latitude. 

Az inthe Table of the thi:d Rumb; at the /ati:zd: of 50 
Gr. Tfiad under the citle cf Lozyirade 38 gr 69 parts, and un+ 
der the titic of diftence 60 gr. 13 parts. I hi: ſhewes chat if the 
courſe held conſtantly on the third Rumb from the Fqui- 
noRiall tothe Laticude of 50 gr. the differenc: of Longi- 
tude would be 58 gr, 69 parts of 1co. and the diltince up- 
on the Rumb 60 gr. 13 parts For here I reckon the 4iltance 
by degrees, rather then by leagues or miles, and ſubdivide 
each degree into 100 parts, rather then inte 60 minates,for 
the more eaſe in calculation, and withall to make the calco » 
lacion to agree the better, both wich this, and my Crefſe ſt.iffe 
and other inſtraments. 

The uſe of theſe Tables, for the finding of the difference 
of longitude, isthis. Tarnero the table of the Ruinb, ard 
there (ee what longitude belongeth to either laticude, rhen 
takethe onelongi:ude out of the other, the remainder will 
be the difference of longitude required. 

As in the former example, where the places given were A 
jn the laticudeof5oGr.C in the latitude of 55 Gr. and the 
Rumb the third from the meridianz Ilook inco the cable of 
the third Rumb and thece find, 

LE :titude 50 gr. Longi:nde 38 gr. 69 parts. 
Latitude 55 pr. Longitude 54 gr. 19. 
Thecefoie che diff. ef longitude5 gr. 50 


There is another uſe cf theſe tables, for the deſcribing of 
the Rubs both on the Glebe,and all forts ct Charts: For ha» 
ving drawn the circles ut longitude and Jatitude, ard fin- 
ding by the tables, ihe difference of longitude belonging to 
each Rumb and latitude: It we make a prick inthechart. at 
every 
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every degree of latitude, according to that difference of lon- 

gicudey and draw lines through thoſe pricks, foas they 

makeno angles,che lines ſo drawn (hall be che Rumbs re- 
aired. | 

The uſe of the eight Rumb is ſomething different from 
the rel? For there being here no change of latitude, I have 

ſet to each lacicude,the difference of longitude, beionging 
to onedegreeof ditiance,and the diltance belonging to one 
degree of longitude. 

As1f two places thall be 25 leagues, or one degree dittant 
one trom the ocher, in the latitude of 50 zr, ihe difference of 
longicude between them will be only 1 gr.35 parts. Bur if they 
differ one depree in ijongicude, the diitanes berween them 
will be only 64 parts, which fall ſhore of 13 lea czues;or at the 
moſt 6. gr. 28 parts, ſuch as 10000 do make a degree. 


6 By the difference of lon;itude, Rumb and ont 
latitude, to find the other lititnde. 


As ifthe places given were 4, in the liticude of 50 gr, C 
In a greater latitude but unknown, the dift:rence of Longi« 
trade 5 gr. x) and the Rumb che chird from the Meridian. 

In the chart let A B, DC,meridians,be drawn through A 
and C, according tothe difference of longicude, one 5 zr. + 
from the orher;and a parailel of latirude through A, crot- 
ſmg che meridian C Din D: then in A, with AB, make an 
angle of cheRumbBAC: fothe degrees in the meridian 
between D and C, {hall befonnd.tob- 5 zr. the proper diffes 
rence of laticade which was required, Waerefore the propor= 
tion holds for the Sor. . 

As A Dcheradias 

to D Cthe rangemt of the rambfrom the xquator 
So A D the difference of longitude, 
to DCthe proper ditfcrence of ia:itude 


According to this, Itake 56 gr. 5 m. for the angle of the 
rumb from the zquator , out of the greater Tingert, and 
| EI make 
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make it a parallel Radius. Then reckon 5 yr. X in the line 
of lines from the center,for the difierence of longitude. So the 
parallel taken from the termes of this difference and meaſu - 
red in the line of meridians, fthall reach from 50gr. the lati- 
tude given to53 gr. which is the latitude required. 
Ocr if the Rumb fall nearer tothe meridian, 
As BC the tangent of the Rumb from the meridian, 
isto ABthe Radius: 
So BC thedifferexe of longitude, 
to A D the proper difference of latitude. 


According to this we may beſt work by paral'el entrance 
firſt take 35 gr.45 m forthe angie of the Rumb from the me» 
ridian, our of the greater Tangent,and makeirt a paralle! Ra- 
dius; then takes gr. 5 forthe difference of longitude out of 
the line of !incs, and carry it parallel to the former, till the 
feet of the comp-f1.s ſtay in like points: ſotheline between 
the center and the place of this (tay,being taken and meaſus 
red in the line of meridians from 50gr. forward , ſhall ſhew 
the latitudercquired to be55 gr. as inthe former way. 

The like may be found as inthetables of Rumbs.For in the 
table ofche third Rumb, at thelaticudeot 50gr. Ifnd the 
longicude of 3$ gr. 69 p; tothis if Iadd 5 gr. 50 p.for the dif- 
fe: ence of longitude given,the compound longicude will be 
44 gr. 19p.and this anſwers ro the latitude of 55 gr. 

Bur it chis difference of latitude were to be found by the 
common ſea-chartit ſhou}d ſeem tobe 8 gr. 13 m.and lothe 
ſecond latitude ſhould be 58 gr. 13 m- which is above 3 gr. 
more then the truth. 


7 By one latitude, rumb, and diſt ance, to find 
the arfjerence of longitude. 


Azif che places given were Ain thelatitudeof 50 gr. C 
In agreaterlatirude but unknown the diſtance vpon the 
Rumb being 6 pr. between thew, and the Runb the third 
from the meridian. 


In 
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In the charr,let a meridian AB. anda parallel! A D be 
drawn through A; and in A,with AR,make an angle BAC 
for the Rumb from the meridian ; then open the compafſes 
according tothelatitude of the placestoEF, the quantitie 
of 6gr. in the meridian, transferring them into the Rumb 
from A to C, and through C draw another meridian D C, 
croſſing the parallel drawn through A in D: fo the degrees 
intercepted in the parallel from A to D, ſhall ſhew the diffe- 
rence of longitude required to be about 5 gr. 5. Wherefore 
the proportion holds tor the Scfor. 
As AC the Radius, (meridian: 

isto A D,cqualleo BC,the fineof the Rumb from the 
So A C the proper diftance upon the Rumb, 

co A Dche difference of lopgitude. 


According to this Itakethe fine of 33 gr. 45 me. for the an- 
gle of the Rumb from the meridian, and mike it a parallel 
Radius; then keeping the S:Qor at this angle, Irake 6gr.for 
the diſtance out of the meridiev line, according tothe eftima» 
ved latitudes of both places, & lay it on both ſides of the Se> 
Gr from the center : ſotheparallel taken from the terms of 
_ this diſtance;and meaſnred in theline of /ines, ſhall ſhew the 
difference of longitudeto be about 5 gr. ;. 

In this and ſome of the Prep. following , where there is 
but ene latitude known, there may be ſometimes an error 
of a minute or two, in theeſtimation of the proper diſtance, 
yet it may bereEifed ar a ſecond operation. 

This propoficion may alſo be wrought by the Tables of 
Rumbs. For according to the example; in the Table of the 
thicd Rumb, at the latitude of 50 gr. I find the longitude of 
38 gr. 69p. ard thediſtance of 60gr. 13p.tothis Iadd 6 gr. 
for the ditiance givenz ſo the compound diſtance will be 66 
gr-13p. and this anſwers to the longitude of 44 gr. 19 pzthen 
if I cake the one longitude out of the other, the Draw 
will be5 gr. 59p. as before. 

But if this difference wereto be found by the common . 
ſea-chart, it ſhould ſeem to be only 3 gr. 20 m. which is 

SI more 
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more then 2 gr lefle then the truth. 


8. Byone latitude, Rub, anl d'ſf:rence of longitunes, 
70 find the diſtance, ; 


As if the places were given A,in the laticude of 50 gr .C 
in a greater latitude but unknown, the diff rence of lungi- 
tude between them being 5 go. and che Rumb the third 
from the meridian. 

Inthe chartlet AB.DC, meridians be drawn through 
Aand C,according to the difference of longiiude, and a pa- 
rallef of laticude through A, c:ofling the meridian DC in 
D; then in A with A B,make an anvle of the rumb B A C: 
ſo the diſtance on the rumb from AcoCraken and meaſu- 
red inthe meridian, according to the eſtimated laticude of 
the places ,ſhall be found cobe 6 gt, Waerefore the proporti- 
on holds for che Ser. 

Az AD, <quail co BC,the ſine of the ruwb from the meri- 

isto AC theradius: (diaty 

So A D che difference of longicudes, 

ro A C the proper diſtance upoa the rumb, 


According to this,l take the lateriall radius,and make it a 
parallel fine of 33 gr. 45 #zt. which is bere the ang!e of che 
rumb from che meridian; then Lreckon 5 gr. Sim che ligs 
of lines from the center, for the diff:renceaf loagicude: fo* 
tte parallel raken fromthe rermes of this diffecence, and 
meaſured in the line of meridizns, according co che latirudes 
of che places, (hall chere ſhew thediitance required co be a* 
bout 6 gr. which are 120 leagues. IO 

Or if the rumb fall nearer ro the meridian;that the literal 
radius cannat befi:ted over in. his fine, chis Prop. mult be 
wrought by pacallel eatrance, and ſoalſo ic gives the ſame 
diſtance ax before. IF | 

Oc we may find this diftance.hy che Table of, rambs. For 

inthecable of thechird rumb, at che latirude off50 ge. I5ad 
the longitude of 38 gr. 69 p;;and thediſtance of 60 gr. 13 L, 
® 
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To this longitude here found, Tadd 5 gr. 50. for the diffe- 
' renceof longitude given: ſothe compound longituJe will 

be 4487. 19 p. ard this anſwers tothe diftance of 65 gr. 15Þe 
ThenifI take the oneditfance out of theother, the remains» 
der will be 6 gr. 02 p. for the diſtar ce required. 

Bat if this diſtance were to be meaſured on the common 
ſea- chart. 11 ſhognld ſcm to be :lmoſt 10 gr.CT at theleaſt 1 97 
leagues, above 77 leagues more then the truth, 


g By one latitude, diſtance, and aifference of lon- 
gitades, to find the Rumb, 


As if the places given were A,in thelarirude of50gr.C 
in a greater latitude bt unknown, the diff:rence ot longi« 
tude between them, being 5 gr. ;, aid the diitanceof 6 gr. 
upon the rumb. 

In the chart let AB D C,meridians,be drawn through A 
and C,and a parallel of latitude th:cugh A; then open the 
compaſles according tothe laricudes of the piaces,to EF the 
quantiry ct 6 gr. in the meridian; and fctting theone foot 
in A. the other foot ſhall ciufſe the other meridian in C,and 
if wedraw the right linc A C the angle ÞAC ſhall ſhew che 
inclination of the rumb to the meridianto be about 33 gr. 
45 m. Wherefore the proportion holds forthe Seer, 

As AC the proper ditanceupon therumb, 

is ro A Dched ference of longitude: 

So AC theradius, | 
to AD, cquall co B C, thefine ofthe rumb from the 

meridian. | 
: "According to this, Irtake the proper diſtance 6gr. out of 
theline Of meridians, and lay it on both fides of the Sefor 
from the center; then Itake the difference cf longitude 5 gr. - 
?out of the line of /ines,and to it open the Se&o7 in the terms 
oof the former diſtarce,(o the parallcl radius taken from be-+ 
Tween 90 and 90, and meaſured in the ſzr.es, deth give about 

33 gr. 45 m. for the rumb required. 

Bur it this cumb were to be found by the co mmonſea- 
chart 


x 44  "Thenſeof the Meridian line: 
chart, it ſhould ſeem to be above 66 gr. and ſoalmoſt the fixt 
Rumb from che Meridian. 


10 By the longitude and latitude of two places, 
to find their diſtance from the Rumb. 


Let the SeGor beopened in the lines of /zzes , unto a right 
angle (as was thewed before Gap. 2.Prop.7.) then take oat the 
proper difference of latitude, and lay ic on the one line, and 
the difference of longicude, and lay ic 01 the ochec line, fo 
as they may boch meer in the center, marking how far they 
extend. For theline taken from the tecmes of cheir extenſion, 
and meaſured in the weeridizn, according to rheir laticudes, 
(hall ſhew che diſtance req aired. 

S3 if theplaces given were A and C, Ainthelaticude of 
of 50gr. C ia the latitude of 55 gr. the proper diff:rence of 
lacicude ſhall be theline A B, and let BCrhe difference of 


longicude be gr. x, we (hall find chat A Che diltanceupan 


the Rumb is avouc 6 gr. which make 120 leagues. 

For in the chart let an occule meridian be drawa throuzh 
A,an1a parallel of laticudechrough C, crofliag the former 
meridian in B, anda right line for the R&1mb from A co C, 
ſo have we a retangle triangle AB C,wnoſebaſe A C,taken 
and meaſured in the meridian below 50 gr. to F, as much a» 
bove 55 yr. doch contain the quanticie of 6 gr. 

In the ſame manner the SetZrr heing opene1 to a right an« 
gle, in the lines of liner: if we cake the diff:cence of laticu {e 
out of theline of meridiens, in his proper place tron 50 zr.to 
55 gr. and place ic on one of che files from che center, co re- 
ſemble AB, then reckon the difference of longitude on' che 
other perpendicularliae from che center to5 gr. 5, in teadof 
B Cywe ſhall have thelike re&anglecriangle on the SefFor, to 
that which we had before on the chare; and if we cake out 
the baſe of it, and meaſureir in che line of meridians from be- 

low 50 yr. to as mach above 55 gr-we ſhall fiad as betore,that 
it containeth abour 6 yr. Qr 120 leagues. 


Buc if this diftance were tobe meaſured on the RN 
ca* 
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ſea-chart, it ſhould ſeem to be almoft 7 gr, 5,or 243 leagues; 
which is 25 leeguesr more then the truth. 


11 By the latitude of two places, and the arflance pox 
the Rumb, to find the difference of longitude. 


Let the Sefor be opened in the lines of lines to a right an- 
gle, then take out the proper difference of laticudes, and lay 
it on One of thelines from the center, then take the proper 
diſtance with a pair of compaſſer, and ſetting one foot in 
thetermes of the difference, turn the other foor to the other 
line of the SeFor, and it ſhall there ſhew the difference of lon* 

itude required. 

Soif the place given were A, in the latitude of 50 gr. C 
in thelaticude of 55 gr- with 6 gr. of diſtance one from ano- 
ther, we ſhall find their difference of longitude te be abour 


has 
"er in the chart let a meridian A B be drawn for theone 
and BC, A D,parallels of latitude for them botb:Then open 
the compaſſes according tothelatitude of theplaces, coEF 
the quantitie of 6 gr, in the weridien, ahd ſetting one foot in 
A, having latitude of 50 gr- tern the other co the parallel of 
55 gr. and itſhall there cut off cho requiced difference of lon- 
| gitude B C 5 gre LA 
Inthe ſame manner, the Se&or being opened co a right an- 
gle, in the lines of /ines: if we take the difference of latitude 
out of che line of meridiaxrin his proper place from 50 gr. 
unto 55 gr. and place ic on one of the lines from the center; 
then take 6 gr. the diſtanceupontheRumb our of the ſame 
line of meridzans, according tothe latitudes of the places,and 
ſet the one foot in the terme of the former difference, tur« 
ning the other foot to the other perpendicular line, we ſhall 
find that it will croffe it about 5 gr. ; from the center which 
is the difference of longicuderequired. 

But if this difference of longitude were to be found by the 
common ſea-chart,ic would ſcem tobe only z gr.20 m.which 
i8 more then 2 gr. 10 #%, lefle then the truth. 

V 12 By 
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un By owe lat tude, diſtance and difference of longttudes, 
to find the difference of latitudes, 


Let the Ser be.opened in the line of lines to a right an- 
gle, andlet che difference of longitude be reckoned in one 
of thole lines from the center; chen take the proper dil'a3. 
with a pair of compaſſes, and ſetting the one foot in the 
terme of the former difference, turne the other foot to the 
other line of the SeZ&r,and it ſhall thence cut off a line,cquull 
tothe proper difference of latirude required. 

So if the places given were A andC, Ainthe latitude of 
50gr.Cina greater latitude but unknown, the difference 
of longitude between them gy. }, and the_diſtance upcn 
the Ramb 6 gr. or 120 leagues, we [hall find the diffcrence of 
latitude tobe 5 gr. | 

Forin the chart, let occiilt meridians be drawn through 


AandC, and a parallel of latitade through A, then open 


the compaſſ:s according tothe eſtimated latitudes of che pla 
cesto E F the quantity of 6 yr..in the meridian , and ſetting 
the onefoort in A, rurn the other to the meridian drawn; 
through C, and itſhall there cut off theline DC, which is the 
diffcrence of Jatitude required. 

In che ſame manner, the Sctfor deing opened to a right an- 
gle intheline of /;7e7, if in the'oneline we reckon the diffe 
renceof longitude from the center to 5 gr. 5, then taking 6 
gr. for the diſtance outof theline of Meridians, according to 
the latitude of theplaces, we ſet the one foot in the terme of 
the given difference, and turnthe other foot to the other 
perpenidicularline , we ſhall find chat ic cuts a line from it, 
which taken and meaſured inthe line of meridians, from 50 
gr, on forward, doth ſhew the difference of latitude co be as 
before 5 gr. 

Bat if chis difference of latitude were to be found by the 
common fea-chart, it would feemi to be only 2gr. 25 m.which 
is 2 gr. 35 1, lefſe then the truth: Such is the difference between 
both theſe charts. , ; out 
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THE THIRD BOOKE 


Containing the ule of the particular | 
Lines. | 


the laterall lines of zangents and meridians, whereof I 

have hictherunto ſpoken,are thoſe which I principally 
intended: chat lictle roome on the ScFor which remaineth, 
may befilled up with ſuch particalar lines as each one fhall 
think convenient for his purpoſe. I have made choice of ſucy 
as I thought might be beſt prickt on wichout hindring the 
fight of che former,vie lines of ©uadrature,of Segments , of In- 
ſeribed bodies, of Equated bedies,and of Aettals. 


T HE lines of lines, of ſuperficies, of ſolid ſy of ſine, with 


CHAP. I, 
Of the lines of Nuaarature. 


5 hom lines of quadrature may be known by the letter ©, 
and by their place between thelines of ſines. © fignift- 


| eh chefide of a ſquare; 5 the lide of a pentagon with five e- 


quall fides. 6 of an bexsgon with fix equall fides, and ſo7, 8, 
9, and 20. $ tands for the Semidiameter of a circle , and 90 
fora Tine equall co 90gr.in the circumference. The uſe of them 
ay bez | 
02þ 76 Whke'£ ſquare £7410 4 circle giutn: 

2. Tomakea circle equall ro [quare givenc 

If the circle be firſt givenacake his ſemidiameter; and to ic 
So Hort an the points ae o he roll taken from 
«wer the polncs ar hall, Be ghefide, of. the ſquare re* 
quictd.” | RY 113 «all "5 LFN4s; 9! Lala IE 


Of tbe lines of Quadrature. 


If the ſquare begiven take his fide, and to ie open the Se 
Gor, in the points at &: | a the parallel caken from between 
= points at 5, ſhall be the Semidiameter efthe circle requi 
Ted. | : 

Let the Semidiameter of the circle glyen be A B,the fideof 
the ſquare equal unto it ſhall be found to be C.D. 
4 Toredce a circle given, or a ſquare 1nt8 an equal pens 
£ag0m, or other like ſided and like angled figure, 


Takethe fide of the figure given, and ficizover in his due 
points: ſothe parallels taken from berween che one 


LY, ws Sy 


Ee 
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the other figures, (hall bethe fides of thoſe figures : which 
belng made up wich equall angles, ſhall beall <quall oneto 
the other. 

Let the Semidameter of the circle given. be 4 B, the fide 
of an bexagoneqnall tothiscircle, ſhall by theſe means be 
found to be G H; and the ſides of an o&agon to be I K. O- 
ther planes not here fer down, may firſt be reduced into a 
«wy by the fixc Prop. Super. and then into a circle 6r other 


theſe equall figures, as before. 


4 Tofinda right line, equal tothe circumference 
of a circle, or other part thereof. 


Take the Semidiameter of the circle given, and co ic open 
the SeFor in the points at S; ſo the parallel caken from be- 
tween the points at 90 in this line, (hall be the fourth pare of 
che cetimerncn which being known,the other parts may 
be found out by the ſecond and third Prop. of lines. 

Thus ifthe Semediameter ofthe circle given be A B,the 
rightline E F (hall be found to be the fourth pare of the cir- 
cumference. Therfore the double of E F ſhall be equallco 
the circumference of 180 gr.and thehalf of EF bethe circum» 
ference of 45 gr- and ſoin thereſt. ET 


CHAP. II. Da 


= 
-_ 


x 


Of the lines of $ eoments, 


He lines of ſegments which are here placed between the 
lines of ſes and ſuperficier, and arenumbred by 5, 6, 7, 

$, 9,10- do repreſent the diameter of a circle, ſodivided into 
a hundred parts, asthat a rightlinedrawn through theſe 
parts, perpendicular cothe diameter,ſhall cur the ciccle into 
two ſegments, of which the greater ſegment ſhall have that 
portion tothe whole circle, as the parts cut have to 109, 
Fe uſe of them may be. | Fa 

% y 3 - 13 Tz 


TT Of the lines of Segments. 


1 Todivide atirclegiven into two ſegments. 
according to a proportion given. | 
2 Tofind a proportion between acircle 
and bis ſezments giuen. 


Let the SeFor, beopened in the points of an'100 tothe dia- 
meter of tke circle given: ſo a parallel taken from the points 
proportionable to the greater ſegment required, ſhall give 
the depth of that greater ſegment. 

Oc if the ſegments be given,let the Sefor be opened as be« 
fore; then take the depth of the greater ſegmentzand carry it 


Of the tines of Inſtribed todres, 1 51 
parallel tothe diameter: ſo thenumber of points wherein 
they ſtay, ſhall hew the proportion to 100. 

As if tkediameter of the circle given were B L,the depth 
of thegreater ſegment L O being 75,dot h ſhew the propor» 
tion of the ſegment OX7LNetotheciccleto be as 75 tO 100 
viz. three parts of tour. 

Hence] wight fhew,if there were any uſe of ir. 


To find the ſid: of a ſquare, equall to any 
known ſegment of 4 circlge 


The fide of a ſquare equall tothe wholecircle, may be 
found by the former Cop. and then having the proportion 
of the ſegment to the circle, we may dimioith the ſquare in 
ſuch proportion by that which hath been ſkewed Lib, 1. 


Cop. 3, Frop' 3. 
CHAP. III. 
Of the lines of Inſcribed bodies, 


T He lines of inſcribed bodies are hereplaced betweenthe 
lines of liner, and may be known by theletters D, S, I 
C, O, T, of which Dfignifieth the fideof a dodecahedron, 1 
of an Tſcoſabedron, C of a cube, O of an efabedronand T of a 
tethrabedron, all inſcribed into the ſame ſphzre,whoſe ſemi- 
diameter is here fign:lied by theletter S. 

The uſe of theſe lines may be, 


1 The ſemidiameter of a ſphere being given, to find 
the ſides of the five regular bodzes, which 
may be inſcy ibea inthe ſaid ſphere. 
2 The fide of any of the frueregular todies being given, 
to find theſemidiameter of aſphere, that will 
circumſcribe the ſaid bode, 


Tek ſphere befirft given, take his ſemidjamiter, and toie 
' open 


Ig2 Of the lines of equated bodies. 

open the S:For in the points at S: if any of the other bodies 
beficſt given, take the fideof it, and fic it over in his due 
Points : ſo theparalleltaken from between the points of the 
other bodies, ſhall be the fides of thoſe bodies, and may be 
Inſcribed intothe ſame ſphere. 


. A 


| 


D K, E 


Io 


Soif the ſemidiameter of the ſphzce be A C, the fide ofthe 
dodecabedron inſcribed ſhall be D E. 


CHAP, IIII. 
Of the lines of Eguated bodies. 


T2 lines of equated bodies , are here placed between the 
lines of lines and ſo/idlr, noted with theſe letters D, I, C, 
S, 0, T, of which D Rtands for che fide of a drdecabedron, I, for 
the fide of an Icoſabedron, C for the fide of a cube, S for the di- 
ameter of a ſphere, O for the fide of an oZ2hedronjand T for the 
fide of a tetrabedron, all equall one to the other. The aſe of 
theſelines may be. 


1 The diameter of a ſphere being gruen,to find the ſides 
of the five regular bo4ter, equal! to that ſphere. 
2 The fide of any of the five regular bodtes being gruen, 
70 find the diameter of a ſphere, and the ſides of the 
other bodies, equal! to the firſt body given, 


If the ſphere be firſt given, take this diameter, andeoito* 
pen the Ser in the points at S: if any of the other bodies be 
ficft given, take the fide of it,and fit it over in his due points: 
the parallels raken from between che points of the other 
bodies, {hall be the ſides of thoſe bodies <q'1all cothe firſt bo- 
dy given. - 

Thus in the laſt diagramzif the diameter of a ſphz:e given 
' be BC,the fide of the dodecahedron equall to this ſphezre,would 
be found cobeF G. CHAP. 


% 
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w_ _ - Of the linerof Mentals,- : 
_ CHAP. V. 


O/ the lanes of Metals. 


He lines of Aſeetelr are here joyned with thoſe before 

of equated bodies, and are noted with theſe charaGters, 
©.%h.9.2-4.2%.of which O ſtands for gold, 2 for quickblver, 
H for lead, d for filyer, 2 for copper, & for icon, and 2; for tin. 
The uſe ofchem isto give a proportion between theſe (e> 
verall mettalr, in their magnitude and weight,according to 
the experiments of {arinus Ghetaldws, in his book called 
Prometus Archimedes. 


1 Inlike bodies of ſeveral mettals and equall 
weight, baving the maguitude of the one, 
#0 find the magnitude of the reſt. 


Take the magnitude given out of thelines of Solidr, aud 
to it open the Seforinthe points belonging to the metrall 
given: ſothe parallels taken from between the-poin 
other mettalls, and meaſured in the lines of Sol;ds,ſhall give 
the magnitude of their bodies. 

Thus having cubes or ſphzres of equall weight, but ſe- 
verall metcals, we ſhall finde that if choſe of tin contain 
10000 D, the others of iron will contain 9250, thoſe of cop- 
. per $222, thoſe of filver 7161, thoſe of lead 6435, thoſe full 
of quickfilyer 549 3, and choſe of gold 3995. 


— 2 Inljke bodies of ſeverall mettals and equal 
:* + | magnitude, beving the weight of one to 
find the werghts of rbereft. 


This propofitien is the converſe of the former , the pro. 
rtion not dire , bat reciprocall, wherefore having two 
like bodies,takethe given weight of the one out of the lines 
of Sejidr,and toitopenthe 5 —_ poincs belonging "a 
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I54 Of the linarf Minalr.” 
the mettall of the oher body: fo the parallel taken from the - 
points belonging tothe body given and meaſured in the 
lines of Solids,thall give the weigh of the body required. 

As if acube of gol& welghed 38 Land itwere required to 
know the weight of a cube of lead having equall magni- 
tude. FirſtI rake 381. for the weight of the golden cube, out 
of the linesof Solids,and partir overin the points of belon- 
ging to lead:ſo the paratielraken froarbetiween the pointe of 
O ſtanding fer-gold,and meafured in the lines of 82);d>doch 
give the weight of the leadeh'cube required to be 13 2; | 

'Thas if a fphzre of gold ſhall weigft 10000. we ſhall finde 
that a ſphzce cf the ſame'dfameter full of quickfilver- ſhall 
weigh 7143, aſptzreoflead 6053, a ſpbareoffilver-5 438, 
a ſphzreof copper 4737, a fpb#ce ot iron 4210,and a ſphzre 
oftinne 3Bgg, ki HR a 0 


3 A body berng given of ont wettal, towake another 
like ants it,of another mettall and equa! neighte 


Take out.one of the itdes of che body given, and put it 
over inthe points belonging ta his mettall; ſo the parallel 
taken from between the points belonging co the other met- 
tall, (ball give the like tzce, forthe body requized...If it. be 
an irregular body, let $he othes like fades be found-onpe in 


theſame manner- *__, -: £+:2:5 [fx 
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Let the body given'be a ſphzce © 


57 > =£ ny IT K 
en 
: 


Þlids will be found tobe 23d. in magnitude. 


4 4 body being given of one meital, to make another 
* like untoit of another mettall, accor- © 
drngio a weight gruen. 


'Firft find the fides of alike body ofequall weight, then 

ray weeither —_— ordiminith chem according to the 

- proportion given by that which we ſhewed before in the (e- 
cond and third Prop. of Solids. 

As if the body given were a ſphzre of lead, whoſe diame- 
ter is F,and ie were required co find the diameter of a (phzce 
of iron, which ſhall weigh three rimes as much as the ſphzce 
of lead: I take A,and pur it over ip the points ofh, his pa- 
rallel taken from between the points of &, ſhall give me B 
for the diameter of an equall ſphzre of icon: if this be aug- 
mented inſuch proportion as 1 unto 3, iegiveth C for the 
diameter required. 
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I Of the lines on the edges of the Sefler; 
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gene of 62 gr-giveth the capgent of 705 


=; NW 
Of thelinex on the edges of the 
| S etFor. 


| Hams ſhewed ſomeuſeof the lines 
Lon the flac fades of the Sefor, there 
remain only thoſe on the edges. And 
hereone halfof the outward edge is di- 
vided inco inches, and numbred. accor- 
dingtotheir diſtance from the ends of 
the ScAor. AsintheSefRtor of fourteen 
inches long, where we find x and 13, it 
ſkeweth chat diviſion to be 1 inch ' from 
the nearer end, and 13 inches from the 
farther end of the SeFor., 0 _. 
' The other halfe containeth a line of 


: Jefſer tangents, rowhich the gnomon is 


Radins. They arc here continned to 75 
gr. And if there be need co produce 
them farther, rake 45 out of the number 
of degrees required, and double there- 


 wainder:ſothe tangent and ſecans of this 


double remainder being added , ſball 
make up the :avgent of the degrees re: 


aired . | 
y Azif A B being the Radius, and BC 
the rangent line,it were required to find 
the tangent of 75 gr-If we take 45 gr- out 
of 75 gr. the remainder is 30 gr. avd 
the double 60 gr. whoſe tangent is B D, 
and theſecant is A D: if then we adde 


- ADroBDir maketh BC the tangent 
: 7] of 75 gr. which was required. In likeſort 
the ſecant of 61 gr, added to the tangent 


of 61 gr. giveth the tangene of 75 gr.30m 
and rhe ſecant of 62 gr.added tothe ran 
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and ſo lathe reſt: Theuſeofchis line may be 


4 LS — 5 OA i eeinne AS Seo Spe... & Sebel, 4” Sr. 


TL | .. as TT 
oa To obſerve the altitudt of the Sunne; 


? 

; Holdthe S;For fo astherangent BC may be verticall, and . 

| the gnomors B A parallel co the horizon; then turne the 

| gnemontoward the Sanne;fo that it may caſta ſhadowupon 

'thecangent,and the end of the ſhadew (hal ſhew che altitude 

- of the Sunne. Soifthe end of the gnomon at A, dogive a * 

' ſhadow unto H, ic ſhewerh that che altitude is 38 gr.z,if unto 

' D,then 60 yr. and ſo in the reſt. | 
There is another uſe of this #an7gent line, for the drawing 

ofthe houre lines upon an ordinary plane, whereof I will 


fer down theſe propeficions. 


1 To draw the buure lines upon an horizontal! plane. 
2. To draw the houre lings upon's dires verticall plane. 


| "Fieftdraw a rightline A Cfor thehorizon and the zqua-' 
tor, and crofle it at the point A about the middle'of the line 
wich A_B another righe line which may ſerve for the meri- 

 dilan and the hour of 12; then take our 15 gr, out ofthe tan» 

gents, and prick them down in the #quator- on both fides 

; from 12: ſothe onepoiantſhall ſerye for the hour of 11, and © * 

; the other forthe houre of 1. Again, take oat the tangens of 

: 30 gr- and prick it down inthe zquator on both fides from - 


| Ce eat ona fer ho buys = _— 


| and the other for the hour of 2. In like manner way you- 


nar the tangent gr-for the hqures of $-and 4, and. the... 
Langerd? 75 or for thehoures of Fand $....__.......-. ...... 
all p 


; allow 7 gr. 30m. forevery half hour, and 3 gt for eve» 
) e latitu 


| TY Quarter. one, yo are to confider t eofthe : 5 
| - Ang qr rof the plane. For the ſecaxofthelati=” =. 


[prick down omgg—_ of 45g. far the houres of 9-and 3 ' 


any pleaſe eo ſet down the paits of an houre,he may £ Mens 


_ 14ntehhall be the ſeffhidiameter in rem oon. > & =—_ 


ivem of the complement of the latitude in an horixentall © 
ns oo : X 3 or *, 
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For-example, about Londog; the laticod " 
1 |  ONQOR; Re jat! Jeis $1 7-- Z0 m- 
.oand ler the plane be verticall. F yea tked # choſerant of 420 
2p 200 07 ho Selirr,apd prick ic down in the. me*= fag & hrs 
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and if you draw right lines from Y unto 11, and 10, andthe 


reſt of the houre points, they ſhall be the hour lines requi- 


ft Bat ifthe plane be horizontall, then you HT to take Out 


A Hehe ſecantof 38 gr. Zom.for the ſemidiameter,and prick = £ 
n line from 4 unto H: ſo the righe /#- ; 


it down in the meridia | 
lines drawn from the center MH unto the houre- points , ſhall 
' bethe hourelines required; only the hour of 6 is wanting, 


and that muſt alwayesbe drawn parallel to the #quator;--.._ 


through the center V in a vertical], through.thecenter Fin 
an horizontall plane. | 


This being done, if you ſetthelines AH, HY, toa right > 
angle(H 4 7 )the right line H7” the baſe of this criangle ES, 


be the axis of the ſiyle for either plaine, 


2 To draw the houre lines on a polar plane. © 
4 To draw the boure lines oz a meridian plant « 


\ Ina polar plane thezquator may be alſo theſame with the: - 
horizontal line, and the houre points'may be pricked on as:- 
parat{et ro: the --- 


before, but the houre lines muſt be drawn 
meridian. | 

In the meridian planegthe zquator will cut the horizontal 
ine with an angle equall tothe complement ef the Taticude: 
of the place; then may you make choiſe of the pviut 4, and 


x crofe the zquator with a right line, which nay ſerve! \ / 


r the hour of 6: ſo the tangent of 15 pr. being \pricked 


| down inthe #quator on both fides from 6.ſhallſervefor the - | 
houres of five and 7; and the tangent of 30gr. for the hourex - - 
of 8 and 4,and the tangent of 45 gr.for the houres of 3and. 9: * 


\ andthe tangent of 60 gr. for the houres of 2 andÞ104-ADETR e 
tangent of 75 gr. for the hours of 3 and 11. And:if you draw 


Tight lines through theſe houre points, creſling the zquator 
- +] right apgles, they ſhall be the hourelines required, 


he 


ine from Anne}, the point / (hall be the center- ber tice Cu f, + 
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; ; 160 Theaſt of the leſſer Tangent. 

Hy * The fabſtilar will be the ſame with the hour of 12:in the 

L . Polarplane, and with the hour of 6 in the Meridian plane: 
the axis of the ſtile may be parallel to the ſabftilar In either 
plane according tothe diſtance of the third houre from the 


(ubRilar. 
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. x\The ſe of theleſer Tangent, - "$88 


5 To draw the howre lines in a vertical declin ing plane. 


Firſt, draw AF che meridian,and A F the horizontal line 
crofling one the other at tight angles inthe point A. 

2 Then take out AF, the ſecant of the laticyde of the 
place, which you may ſuppoſe to be 51 gr. 30m, and.prickir 
down in the meridian line from unto. . Fa nals 


3, Becauſe it is a declining plane,and:you may ſuppole it 
rodecline 40 gr. Eaſtward, you areta make an-angle of the 
declination upon the center 4, below theghorizoncall line, 
and tothelefchand of che mecidian ling, hecauſe.the decli» 
nation's Ealtward,for otherwiſe it ſh5uld bayebeen. tg: the 
right hand,if che declination had been Weſtward:..., > Er 

4 Take AH,theſecancof the complement of the latitude 
out of the Sc&or,and prick it down inche line of declination 
from A unto H,as you did before foc the ſemidiameteria the 
borizontall plane. | 


- 


'5 D:awalineacfall length through. the point A, ; which 
muſt be perpendicularuntoAH, and cur the horizontall 
line according to the angles of declination,and it will be as 
the.zquator in the horizontall plane. ' ww : 
'6 Take the honrepoints out of che Tangent linein.che Seder: 
and prick them down inchis zquator on: both fi'es. from 
che hour of 12 at A. | 2 + 2 "oh: 
_ & Lay yourruler,and draw right lines through the center 
Hand each of cheſe hour pojnts: ſohave you all che_houre 
lines of an horizancall plage,only the hour of 6 is wanting, 
and that may be drawn chrough H perpendicularcoHA. 

* Laſtly, you areto obſerve and mark the interſe&ions, 
which theſe houres lines do make with A E the horizontall 
line of the plane: and chen if you draw right lines through 
the center V, and each of theſe interſetiqns,they (hall be the 
houre lines required. . | - + Booths Oe RO 

' Theline H F drawn up tothe horizon and parallel to the 
meridian, will give the ſubſtylarV F: ThelineF G drawn 
perpendicular to V Fang equall toFH will give V G the 
#xis of che ftite, - - © © WE og EG 
T% IL Tst. 4 - . > als .t 6 To 
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6 Toprick down the houre pornts anotber way. 


Having drawn'a righe line for thezyuator as before, and 
made choiſe of the point A, for the hour of 12 :, you may at 
pleaſure cut off Gehaati fibes A 1o,and A 2.Then upon the 
diſtance between 10 and 2, makeay equilatera!l criangle, 
and you {hall have Bfor the cencer of your zquator, and the 
line A Bfhall givethe diſtance fromAto'g, and from A to 
3. Thar donetake our the diſtance between 9 and 3, and 
_ fhjs md eb ly arei from'B unto , and from Santo 7, 
ind fred Y unto 1: and again from Bujjto 4 ,: and from 4 
unto5 and from 4unto 11. $5 have you' the houre- points, 
and if you take out the diſtance B 1,B 3, B5, &c. You may 
finde the pointy not only for the half bouces, bac alſo for the 
nd. - el odds Co one. oh ce, ls: 

Buc if ic ſo fall out, that ſome of theſe houre poings fall 
out of your plane, you may help your {elf by chelarger-ran- 
gent, borh in che verticall, and horizontall planes. - 

For if at the houre points of 3 and 9, inſchem.p. 158 you 
draw occult lings paralſe! rothe meridian; the dittances. DC 
berween the hour fink'of 6, and the hour points of 3 and-9, 


Hin a harigontall plane, and if chey be divided in ſuck ſort 
as theline A Cis divided, you ſhall have the points of 4,and 
5, and 7, and 8, with theirkalfs and quarters. 5 

As i.che horizontal plape, tae ont the ſemidiameter A 
H, and makeit'a paraltie) Rxdtus by ficting it over in the 
finer of 90 and -6: Then rake 15 gr. outof thelarger tangent 
and lay them on thelfnes of fizes,where they will reach from 
the center unto the fines of 1.5.97.32 therefore take out 
the parallel fine of 15 pr. 32 m. andiic ſhall give the diftance 


from 6 unto 5, and from 6 unto 7, in your horizontal plane. 


them on the fines, fromthe center unto the fines of 35 gr. 
16 m.and the parallel fine of 3< gr. 16». (ball give you the 
diſtance from 6 unto 4,ang from 6 unto $,in your horizontal 

: : plane 


4 % <Y a 4 
6, 
35 
8 4 . 
v.\ : 
Tangent. 
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will be equall to rtheſcmidiainerer AViina verticall, and A 


That done, take out 30 gr- Out of the Jarger tangent, and lay. 
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- . Thewſeof the leſſtr Tangent. 162 
plane. Thelike aay be done for the half houres and quar- 


£cerse: y 4 
 Soalſfoin the vereicall declining plane.If you firſttake our 
the ſecant of the declination of the plane, ard prick ie down 
ip the horizontall line from AuntoE, and through E draw 
:z)ght lines parallel cothe weridian,which will cur the for- 
mer houre lines of 3 and 9,or one of them in the point C; 
then take out the ſemidiameter A V, and prickic down in 
thoſe parallels from CunmoD, and draw 1ightlines from A 
unto C, and from. V unto D;the line V D ſhall be the hour 
of 6,and if. you divide theſe lines ACand DC, immfuch ſore 
a8 you divided tbe like line D C in the borizontalt plane, 
you ſhall have all the houre points required. 

Or you may find the point D, in the hour of 6, withoat 
knowledg either of Hor C. For bavivg prickt down A V 
inthe meridian line, and A E inthe horizoncall line, and 
drawn parallels tothe meridian threugh the points at E, 
you may take the tangent of the latitude cut of the Sefor,and 
fic it over inthe fines of $0 and go: ſothe parallel fine of the 
declination meaſured in the ſame targent lineyſhall there ſhew 
die cdmplemencoftheangle DV A, which the koure lirie 
of 6 maketh with the meridian z then having the peine D, 
take out the ſemidiamerer V A, and prick it down in thoſe 
paralle!s from Dunto C: fo ſhall you have the lines D C and 
A Ceo bedivided as befere. | 

The like might be uſed forthehourelines upon all other 
planes, But I muſt not write all that may be done by the Se- 
Gor. It may ſuffice that I have wrot ſomething of the uſe of 
each line, and. thereby giventhe ingenugus Reader occdfion 
to think of more. 
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"Tho conclusions to hp Reader. 
M5 37 Y 1 505 {7 
JT: b web TE to Bu wm you, that thu Sebor was thus contri3 F 
the moſt part of this brok written in latin,naxy copies tranſctibed 
and diſp:rfed more then ftxteen years ſince. Tam at the laſt contented 
to give way that it come _ in En;liſb. Nt that T think it worthy 
either of my labour or the publique view ut partly to fatiifie their ine 
portunitie, who not unde! tending the Latines yet were ' af dhe ch, 
#0 buythe inſtrument, and partly for my own eaſe. For asit pat 
for others to tranſcribe my copie, ſo it 8 troubleſome for me t0 giveſatir 
faTion berein to all that defire it. If Tfi:4 this ro give you content, it 
frat iucourege me th do the like for my Groffe-ſtaffe , and fome other 
Inflruments. In the mean rims bear feb dbe Pr awvers finttrs and fo 


1 26,9 


Y 
Greham Coll. 1. Maij. 1625: 


it 
FIRST BOOK OF THE 
| CROSSE-STAFPFE. 


C HA P. I. 
Of the deſcription of the Staff. 


Ys He Croſſe Staffe is an inſtrument well known 
to our Seamen , and much uſed by che 
ancient Aſtronomers and others, ſerving 
Aſtronomiceily for o'>ſeryation of alti- 
tndeand angles of diffance in the heavenss 
Geometrically for perpendicular heights 
and diſtances on land.and i:a. 

The deſcription and ſeverall uſes of it areextant in print, 
by Gemme Friſius in Litine, in Engliſh by Dr. Hoed. Idiffer 
ſomething from them both, in the projeRion of this Staffe, 
'but ſo,as their rales may be applied unto it and all their pro» 

firions be wrought by it: and therefore referring the Rea» 
"der to their books, Iſhall be brief in che explanation of that 
which may be applied from theirs unto mine, and ſocome 

tothe uſe of thoſe lines which are of-my addicion,not extant 
heretofore. | 

' Theneceſſary parts of rhis Inftrument are five : the Staff, 

the Croſſe, ani the three ſights. The Sraffe which I madetor 
my own uſe, iz a full yard inlength , chat ſoit may ſerve for 
meaſure. | 


Aa The 


Gs The deſcription of lixes. 
belonging to' it is -26 inches'} between' the 


: 2 
+-The Crofle: | 
twooutward fights. If ary would haveir in a greater forme, 
the proportion between the Staffe ard the Crefie, m3y be 
ſuch as 360 unto 262, : 

- ſhe lines inſcribed on'the Staffe are of foure ſorts. One of 
them ſerves for meaſure and protraQtion: one for obſervyati- 
on of angles: one for the Sea-chart 3 andthe. four other for 

working of proportions in ſeyerall kindes. 

The line of meaſure is att in line, and may be known ty 
his equall parts. The wholeyard being divided equally into 
36 inches, and each Inch ſubdivided, ficlt intoten parts, and 
then each tenth partinto halfes. . _ - | 

The,line for obſervation of angles may be known by the 
double numbers ſer on both fidesof the line,beginn ing at the 


file at 20, and ending at 90: on the other lideat 40, and en- 


ding at 184: and this being divided according to the degrees 
of 2 quadrantyI call ir the zangent line onthe Staffe, 
The nex: line is the meridian of a Sea-chart, according to 
 Mercators projetion from the EquinoRiall to 5$ gr. of lati- 
tude, and may bc known by theletter A, andthe numbers 
1-2.3-4. ENtO 5B, | 
The lines for werking of proportions, may be known by 
theie uncquall diviſions, and the numbers at theend of each 
line. | | TR 
 .x Theline of zwmhers noted with theletter N,divided un- 
equally into 1900 parts, and numbred with 1.2.3.4 unto 10. 
2 The line of artificial tangents is noted with rhe letter T, 
divided unequally into 45 degrees,and numbred borh ways, 
for the Tangent and the complement. 
3 Thelineof artificial fines. noted with the letter S, di- 
vided uncqually into go degrees, and numbred with 1.2.3.4 
unto 


90. 

The line of verſed fines for more eafie finding the houre 

and azimoth, noted with V, dividqg unequally into about 

164 gr. 50m numbred backward wich 10.20.30. unto 164. 
Thus there are ſeven lines inſcribed on the Staffe:there are 

five lines more inſcribed onthe Croffe. 


i A 


The inſcription of the lines." © 


% 


; _ ' . ? : SHE 5 * 3 
+3 ATangent line of 36 gr; 3 #.numbred by 5. 10; 1c ths. 


cr 


ro35: the midfifwhereofis at 20 gr; and therefore I call ie the | 


tangent of 20; and this hath reſpec unto 20 gr. in the Tangent 
on the Staffe. | 


2 ATangent line of 49 gr. 6 m.numbred by '5. 10. T” S's 
t0.45; the midft whereof is at 30gr. and hath retpe& unco.30 - 


gr. in the Tangent on the Staffe, whereupon I call ic the 22- 
ent of 30. _-— 2's 
, 3 Alineof inches numbred with 1.2.3. unto 26; each 
inch qually ſubdivided into ten parts, anſwerable to the 
inch line upon the S:affe. 
4 Alineof (everall chords, one anſwerable toa circle of 


twelve inches ſemidiameter,numbred with 10. 20. 3o. unto» 


60, another a ſemidiameter of a circle of Ex inches; and 
the third to a ſemidiameter of a circle of three inches z, both 
numbred with 10.20.30. unto 90. 

5 A continuation of the meridian line from 57 pr. Of lati- 
tdeunto.76 gr; and from 76. co 84 gr. | 

For he inſcciption of theſe lines. The ficſt for meaſure is. 
equally divided into in:hes and tenth parts of incher. 

The tangent 0n the Staffe for obſervation of angles, with. 
the tangent of 20 and the tangent of 30 on the Crefſe;, may” 
; all three be inſcribed out of the ordinary table of raugenri. Thi 

Scaff: being 36 inches-in lJength;. the Radius for the'ta _—_ 
onthe Staffs will be 13 inches and 103 parts of 10c0:. ſocks) 
whole line will be a tangentof 70 gr. and muſt be numbred 
by their complements,and the double of their complements, 
the tangent of 10gr. being.gumbred with 50 and 160, | 

The Radius for the .cangent-.of 20 onthe Crofle, witl be 
36 inches, and thx whole line between the fights a tangent of 
- 36 gr. 3m. according as it is numbred. The'Radlus for the 
tangent of 30 yr. on the Crofle, will be 22 inches and. 695 
parts of 1000: ſo the. whole line- beteween the ſtghrs wilt 
_—_— tangent of 49 gr. 6 m, in ſuch ſort as they ace num» 

ed, CAL BSN {SOL $3 V1 > COLE Af 

The meridian line may be tnſ(cribedont of the Table which 
I ſet down for this purpoſe in the uſe of the Se&or. 
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"CHAP.IL 


The uſe of the lines of inches for perpen- 
dicalar heights and diſtar.cts. 


| raking of heights & diftances, the Scaffe may be heldin, 
 ſucts ſore, that ir may beeven with thediltance, and the 
Crofle parallel with the height: and then if the eye at the be 

ginning of the Staffeſhall ſee his markes by che inward fides 

of the ewo firſt fights, chere will be fuch proportion between, 
the diſtance and the height, as is between the parts intercep- 
ze&d on the S:affe andthe croſſe. Which may be farther - ex» 

plained in theſe prcPoficions, 


LO 
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1 To find ay height at one ſtation, by knowing 


= | the dift ance. 
Set the middle fight unto the diſtance upon the Staffe, the 
| Bs heighr 


c 
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s the ſegment of cheSraffe ; | 


unto the ſegment onthe Crofic: 
Sois the diſtance giveny, 
'-._- untothebeight. Rags AIC 44 On 
As if the dilance AB being known to be 256 feet, ic 

were required colind the height BC: firſtI ptace the middle 
fight ar 25 inches and 6 parts of 10; then holding; the. 'Staffe 
levell with the diftance, Iraife the Croſle, parallel unto the 
beight, in ſuck ſort, as that my eye may ſee from 4 the be- 
ginning of the inches on the'Sra ffe by the fight E, at the be» 
ginnigg of the inches on the Crofle ynto the mark Ct which 
being done.zif I find 19 inches and'2 parts of 19, intercepred: 
ofi the Croffe berweenzhefights ar E and D, Iyould ſay the: 
7 'Y BCwere 192 feet. I | | 

r if the obſervation were to be made beforethe diſtance 
were meaſured, I would fer the middlefight gicher unto 10. * 
inches, or 12,0r 16, 0r 20, or 24, orſome ſuch other nums, 
ber:as might beſt be divided into Teverall parts, and 'then 
work by proportion. As if in the former examplethe mid- 
dle fight were at 20n the Staffe, & 18 on the crofle,ii ſhowld 
ſeem that the beightis 3 of the diltancez and therefore the 


_ 


diſtance being 256, the height ſhou!d be 192. - | | 


2 .To find an beight, by knowing ſome part 
of the ſame beight. 


As if the height fremGroC were known to be ;$, »nd it 
were required cofind the whole height B C: either pur the 
third fight or ſome ether running fight upon ibe Ciolle bes 
tween theeyeand the mark G. For then _ 

Asthe difference between the fiphes, 
untothe whole ſegment of the ciouflles 
So is the part ot the heighe given, 
unto the whole beight. .. 
If then the difference berweer the fights at E and F, ſhall 
Aa 3 be 


6 The uſe of the lines of inches; | 
be 45, and the ſegment of the Croffe E, D 180, the whote' 


WL 


3 To find au height at two lations, by knowing the 
| differenceof the ſame ſtations. 


- As the difference of ſegments on the Staffe, 
unco the diff:rence of ſtations: . 
- So is the ſegment of the Croſſe, 
unto the height. | | 

- Suppoſe the firlt ſtation being at H,, the ſegment of the 
Crofſe E'D:-were 10, and the ſegment of the Staffe H D 
3oo: thencoming 64 feetnearerunco B, in a dire& line, un« 
to a ſecond ſtation at A.& making another obſervation ſupe. 
poſethe ſegment of the cr:Hſe ED were 180! as before, and 
and theſegmene of the Scaffe a D 240;take 240 ouc of 320,the 
difference of ſegments will. be 62parts. And ; 

: A$s60 parts unto 6xthe difference of ſtations: 

.:S0 DE180antoBC 192theheight required. 

In theſe three Prep.thereis a regard to be had of the height 

of the eye. For the heighe meaſured, is no more then from 


the levell of the eye upward; © * 
= 4 © To find diſtance, by kuoning the height: 


As the ſegment of the Crofle, 
untothe ſegment of the Staffe: 
Sois the height given, ' © © "ng 
; O__s 7 EEE 25 
So the ſegment EDbeing 18, and D A 24, the heighe CB 
192, Will ſhew thediſtance A Bo be 256. 


5 Tfindadiftance, by knowing part © 
of the height. at: a | 
As the difference between the lights, 
untotheſegment of the Staffe: 


for heights and diſtances; 4 
- So is the part ofthe height given, | | 
untothediſtarce. PE y | 
And thus the difference between E and F being 45,and the 
ſegment DA 240; thepart of the height GC a8, will give 
thediſtance A Bro be 256. 


6 Tofinda diſtance at two ſtations, by knowin 
the differenceof the ſame ſtat 20ns, . 


As the difference of ſegmenits on the Staffe, 
f untothedifference of tations : 

So is the whole ſegment, 

unto the diſtance. | : 
 Andthus the ſegment of the Crofle being 180,theſegmenc 

of the Scaffe at the firſt ſtation 240, at the ſecond 300, the dif- 
ference of the ſegments 60, and the difference of tations 6.4, 
the diſtance AB atthe firſt ſtation will be found co be 256, 
and the diſtanceH B at the ſecond'ttatien 320. | 


7 Tofind a breadth ty knowing the diſtance pere 
pendicular to the breadth, 


This is all one with the ficit Pryp, For this breadth is but 
an heighe turned fide wayes: and therefore - 
As the ſegment of the Staffe, 
unto the ſegment of the Crofle; 
So is the diſtance 
unto the breadth. 
And thus the ſegmene cf the Staffe being 24, and the ſeg- 
ment of the Crofle 18, the diſtance A B 256, will give the 
breadth BC robe 192. 


$ Tofinda breadth at two ftations in a line perpen- 
dicular to the treaath, by knowing the diffe- 
reace of the ſame ftations. 


This is alſo the ſame with the third Prop. and therefore 
Ag 
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Of taking breadthy. _ 
As the difference of ſegments on the Stalfe, 
- _ untothe difference of ftatjons: bY oO ES. 
Sotheſegment on the Croffe between the two fights, 
untothe bredth required. | 

And thus the difference between the ſtations at Aand Hf 

being 6.4, the difference of ſegments on the Scaffe 60, the 

- egment of the Crofle i$0,thebredch BG will be found to 
2192 SIO | | 

In like manner may we find the bredeh GC for having 
found the bredth BC the proportion will hold. 

As DEis anco FE,ſo B TC untoG C. Or otherwiſe, 

AsH eunto HA, (o FEunto GC. 

Neither is is materiall whether the two ſtations. be cho» 
ſen at one end of the brelth propoſed, or without ityor with» 
In ir, if the line berween the ſtations be perpendicalar unto 
the bredth: as may appeacifin ſtead ofthe ſtations at 4 
and H, we make choiſe of che like ſtations at Iand K. 

There might beother wayes propoſed to work rheſe Pq 
'by holding the Croffe even with che diſtance , and the Staffe 
paraliel wich che height :but theſe would prove more trou- 
bleſome,and thoſe which are delivered are ſuth-icnr,and rhe 
ſame wich thoſe which others haveſer down under che name 
of the Jacobs Staffe. 
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The alan: 
025," GRAPE: - 
The uſt of the T angent lines tn t4- 
| king of Angles, 


| 1 To find an angle by the Tangent 
onthe Staffe. 
Ec the middle fighe be alwaiesſer-to the middle of the 


, Croffe; noted wth 20 and 30 , ard then the Cruiſe 
wo | Bb drawn 
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drawn nearer the eye, until the markes may be ſeen cloſe 
within the ſights For fo if thee ar A (that end of the Staffe 
which is noted with 90 and 180) beholding the mark K and 
N, between therwo firſt fights, Cand By: orthe warkes K 
and P betweenthe two oatward fights , the Crofle being 
drawn down unto H , ſhall ftand at:30and 60, in the Tan- 
genc on the Scaffe: ic ſheweth the angle A 4 N is 30 gr-the 
angle K A P 60 gr. the one double to tie other; which is the 
reaſon of the double numbers on this line of the'Staff-: and 
this way will ſervefor any angle from 20 gr. toward 9O gr. 
or from 40 gr. toward 180 yy. But if the angle be lefſe chrg 20 
gr- we muſt then make uſe of the Tangent upon che Cioffr. 


2 To find an angle by the Tangent of 20 _ 
pos the Croſſe, 


S:t 20 unto 20, that is, the middle fight to the middeſt of 
the Crofle at the end of the Safe , noted with 20: ſo the eye 
at A, beholding the marks L and N, cloſe between the two 
ficſt fights, C and B, (ball ſeethem inanangle of 20 gr. 

If che niarksfhall be nearertogether, as are M4 and N, 
then drawin the Crofſe from Cunto E: itthey be farther a- 
ſander,as areK and N,chen draw out the Croffe from GC unto 
F;ſo the quantity of the angle ſhall ftill be found inthe Crofle 
in the Tangent of 20 yr. at the end of the Staffe;and this will 
ſerve for any angle from 20 toward 35 gr. 


X _ , nel $0 
| «pon the Croſſe. 


__ _ This Tangent of 30 is here put the rather, that the end 

of the Stz fre reciting at the eye, the hard may moreeafily re- 
move the Crefle: for it ſuppeſeth the Radius. to be no fon- 
ger then A H, which is from the eye atthe end of rhe Staffe 
unto 30 gr. about 22 incherand 7partr. Wherefore here ſet 
the middle fight unto 30gr. onthe, Scaffe, and then either 
draw the Croflg in.or our , untill the warks be ſeen __” | 
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; Sntaking of avgles; © 'Tr 
lie ews firſt fghenzfo the qaniicie of the angfe will befound 
inthe Tangent of 30, which is here repreſented by the' line 
GH; andtbis will ſerve for any anglefromogr. toward 


S gre 
4® &” 
4 To obſerve the altitude of the Sunxe backward, 


Here it is fir to have an-horizontall fight ſet tothe begin» 
ning of the Staffe, and then may you urne your back tos» 
ward che Sun, and your Crofl: tawa-d your eye. It the alti- 
tude be gnder 45 gr. tet the middle fiphc co go onthe Siaffe, 
and look by the micdlc tight through che. horiz »ntall unto 
the horizon, moving the Crofſe upward or downward, 
pntill the upper fight doſh:dow the upper half of the ho» 
rizoncall fight ;ſo the alticude will be found in the Tangent 
- of 3o. IT” FREED . 
If che altitude ſha!l be more then 45 gr. ſet the middle fight 
untothe ariddeſt of che Cri, and ivouk by the inward edge 
of the lower fight through che bo:iizantall to the horizon, 
moving the middl- ſight inor out, untill che upper fight do 
ſhadow the upper haif of the horiz »ntall fighr: ſo the alti- 
tude will be found in the degrees on the Scafte between 40 
and 180. 


5 Toſet the "tafſe to any angle given, 


: This is the conve-ſeof the former Prop. Forif the midile- 
fight beſet to his place and degree, the eye looking cloſe by 
the fights as b<!ore, cannot bur ſec his objeR in the angle 
Llven- | 6 | 


'\ 6 Taolſervethealtitude of the Sunne anther Bay. 


Set the midd!e fight to the mid1le of the Crofle, and hold 
the horizontall hight downward,ſo as the Croffe may be pas» 
rallel co the horizon, then is the Staffe yerticail ; and ifthe 
outward fight of the Crofſe do —_ horizoncall light, 
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the complement of the altitude will be found in the Tanger; 
onthe Sreffe, = | | 


7 To obſerve an altitude / y thread 
| and plummet. 


Let the middle fight be ſet to the middeſt of the Croffe, 
and to thatend of the Scafferwhich is noted with 90 and 180; 
then having a thread and a plummet at the beginning of che 
Croſſc,antturningthe Croſl: gpward,andthe Scati: toward 
the Sunine, thethreatwill fall on the complemenc of ithe al. 
ticudeabove the horizon. And this may be applicdto- other 


purpolcs. 


$ To apply the limes of 1nches to the taking 
| of angles. | 


If the angles be obſerved between the two firſt fights, 
there will be ſuch, proportion berween the parts of the Staffe 
and the parts of the Croffe, as between che Radius and the 
Tangent cf the angle. 

As if the partsintercepted on the Staffe were 20 inches,the 
parts on the Crofle 9 inches. Then by proportion as 20unto 
9, ſ' IooooUunta.45000 the tangent of 24 pr. 1.4 us. 

Bar if the angle ſhall be obſcrved berween the ewo out- 

ward fighrs,the part#being'20 and 9 as beforegthe angle will 
be 48 gr. 28 w. doubleunto the former. 
-Un-all-thefetherefis regard tobehadto the parallax of the 
eye, and his height above the Horizon in obſervations at Sea; 
tothe ſemidia meter of theſunne,his pirallax and refraCion, 
a$ in the uife of other ſtaves.'And*ſo this will be as much, or 
morethen that-which hath been heretofore performed by 
"the Crs e-Staffe, - . 


.CHAP. 


The aſe of the lines of Chor, 


CHAP. IIII. 


T he ufe of the lines of equall parts toyned 
with the lines of Chords, 


Helines of equall parts do ſerve alſo for protraQtion , as 

x | may appear by the forme: Diagrams , buc being joyned 

wich the lines of Chords, which I place upon one fide of the 

Crefle, they will farther ferve for the protragion & reſola* 


tion of right line triangles; whereof I will give one example 
in finding, of a diftance at two ſtations otherwiſe then in 
the ſecond Chap. 
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o 
Let thediftance required be A B, at A the firſt fiation I 
make choiſe of a ſtation line towardC,and obſervethe angle 
B AC by the tangent lines, _ may be 43 gr. 20 mz then 


having 


14 The aft of the lines of Chord *; 


having gone an hundred paces to vard C, Imake my fecond 


ſtation at D, where ſuppoſe I find theangle BDC to be 58 


gr. ortheangle BD Ato be 112 gr; this being done, I may 
find the diſtance AB in this manner. 

1 Idrawarighcline AC, repreſenting the ſtation line. 

2 TItake 100 outof chelines of equall parts, and prick 
them down from A the firititation unto D the ſeco:.d. 

3 TIopen my compaſles to one of the chords of 60 gr, 
and ſetting one foot in the point A, with the other I de- 
ſcribe an occult ark of a circle interſe&ing the Racion line 
in E. | 

I take out of the ſameline of chords a chord of 43 gr 
20m. (becauſe ſuch was the angleat the firft Ration) and 
this | inſcribe into that eecalt ark from E unto F, which 
makes the angle F AD<cquall tothe angie obſerved ac the 
firſt ſtation.  _ _ 

5 Ideſcribe another like ark upon the center D, and in» 
ſcribe intor a chord of 58 gr. fromC uuco G, and draw che 
righcline DG, which doth meet wich che other line A F in 
the point B, and makes the angle BDC equall to the an" 
gle obſerved at the fecond ſtation. So the angles in the Dig» 
grem being equall to che angles in the field, cheic fides will be 

_ alſopropertienall: and therefore, 

6 Icake outthelineA Bwicth my compaſſes, and mea- 
Caringir in the ſamelineof equal parts, from which I couk 
AD, Ifind it to be 335,and ſuch isthe diftagce required. 
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\. The aſeof the Meridian line, 


CHAP. v. 
# ' The uſe of the Meridian ne, 


i TE Meridian line, noted with theletter 37, ma y ſerve 

for che more eafie diviſion of the plane ſea- chart, ac* 
cording to Mercators projeRtion, Foc if you (hall draw paral- 
lel meridians, each degree being half an inch diſtant from o- 
ther, che degree of this meridian line on the Sctaffe (hall give 
the like degrees for rhe merifians on the chart , from the E- 
quin«Aiail coward to Pole: and then if throngh theſe de- 


hey ſhall be parallels latitude. 

If any deiire to haverthe degrees of his chart larger then 
thoſe which I have put on the Staffe, he may take theſe and 
increaſe them in a double, or treble, or a decuple proportion 
at his pleaſure. 

2 This meridian line being jayned with the line of chords, 
may ſervefor the protraftion and reſolution of ſuch right 
hne eriangles as concern laticudeytongitude,rumb & diſtance 


| pres you draw tiraight!ines perpendicular to the meridians, 


in the praQicc of navigation. As may appear by this exam- 


ple- 
Suppoſe two places given, Ain the latitudeof 50 gr. D 


_ inthelatitude of 52 gr. z, thedifference of longicude between 


thembeing 6 gr. and let it be required to know, firſt what 
Rumb leaderh from the one place to the other,fſecondly how 
many degrees diitant they area ſunder. 

1 Idrawarighc line AE, repreſenting the parallel of the 
place from whencel depart. 

2 Itake6 pr. for/#he difference of longitude, either ouc 
of the live of inches, allowing half an inch for every degree, 
Oroat of the beginning of the Meridian line ; (for there the 
meridian degrees diffcr very little from che equinoQiall de- 


brees) and theſe 6 gr. I prick down in the paralle] from A 
Go | 


3 In 


1s —Theufe of the cMeridianline. 


3 In AandE, ere&two perpendiculars, AM andE D 
repreſenting the meridians of both places. 
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4 Itakethe differenceofthelatitude from 50 gr.to 52 gr- 
30 1. out of the meridian linegand prick it down in the meri* 
dians from A unto Af, and from E to D, and draw the right 
line M D for the parallel of the ſecond place, and the right 
line AD forthe line of diſtance berweerr both places: ſoche 
angle M A D (ball give the Rumb thaeleaderth from theone 
place tothe other. | 
5 Tofiad che quantitie of this angle M AD,I may either 
makeuſe of the ProcraRor,or elſe ef a line of chords, and fo 
Iopen my compaſſes unto one of the chords of 60 gr. and 
ſetting one foot in the point A, with che other I deſcribe . 
an | 
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| an occult arke of acircle, interſe&ing themezidiar in ©; and 


cheline of diſtance in Gz then Itake the chord F Gyith ' my 
compaſles, and meaſuring ic in che ſame line or ;chor4s 43: be= 
fore, Ifindeic 56grz: and. ſuch is the; inclination-of:;che: 
Rumb toxhe Meridian, which. is the hit ching «h40:;was: 
required. .; . nn et5 1:10 tor arfiacdt an re tt Shen 
J To findethequantitie: of the line ;of diſtance AD, I 
takeic out. wich my compaſſes,and maſuring icin the mecidi-: 
an line, ſetting one. foot beneath the lefles; lagitudey andthe 
other foot as much 2 
4 8-5 intercepted between both feet: and ;fuch is che di- 
ſtancenpon;the Rumbywhich is the ſecond thing that was re» 
uired. . | | 
L But if this example wereprotraQted according to thecom» 
man Sea-chart , where thedegrees of the equiyzoRiall and 
meridian are þoth alikez the Ramb M A.D would be found 
tobe above 67 gr. and A Dche diſtance upon the: Rumbe a= 
MESS Eon oat fo bt I 
Suppoſe farther that having ſer forth from A coward D. 
upon the former Rumb of 56gr. 155m NEbE, after the 
ſhip had run 36 leagues, the wind changing,icran50 leagues 
more upon the ſeventh Rumb of E>N, whole. inclination 
tothe meridian 1s 78 gre 45 m- And let ir ve-required to 
know what longitude and latitude the (hip isin, by pricking 
down the way thereof upon the Charr. 
Having drawne a blank chart as before, with meridians 
and parallel , according to the laticude of the places pro- 
oſed. 
: 1 I wculd makean angle MAD of 56 gr. 15 m. for 
the RambofNEbE, which is done after this manner:I 
open my compalſes to one of the chords of 60 gr. and ſetting 
one foot in the point A, with theother I deſcribe an occalc 
ark of a circle, interſe&ing the Meridian in F;then I take 56 
gr-15 mm. out of the ſame line of chords, and prick them 
down from F unto G: ſo the right line AG ſhal be the 
Rumb of NEE. 
2 Iwouldcake 36leaguesout of the meridian line , ex- 
Cc tending 
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12 he aſe of the Meridian lin: 

' trending my compaſles from 50 gr. 51 43m. or rather from 
much belowe 50 as above51, and prick them down 
upon the Rumb from Aunto F; ſo the point, Tſhall repreſenc 
the place wherein the ſhip was when the winde changed' 
And this is in the latitude of 51 gr. 0m. and in the longi- 
tude of 2 gr. 21 w- Eaftward from the meridian A 4. 

3 By theſamereaſon , Imay draw the right line I K for 
the Rumb of E6N, and pricke downe the diſtance of 50 
leagues from IuntoK: fo the _ K (ball repreſent the 
place whicher theſhip came, after the running of theſe 50 
leagues:and this is in the latitudeof 5 1,gr. 30 m. and in longi» 
tude 6 gr. 16 wv. Eaftward from the Trlt meridian A. Me 
_ therefore 16 ew. Eaſtward from the ſecond meridian, 
But if theſe two courſes were to be pricked downe by the 
common Sea-chart, the point Twould fall in thelatitude of 
51gr7- Om and thepoint Kin the taticude of 5 gr. 30m. But: 
the longitude of I would be onely 1 gr. 30 7. and the longi- 
tude of K only 3 gr. 57 m. more: both theſe do make but 5 gr- 
27 m. for the difference of longitude between the firſt Meridi- 
an AM, and the point K: whereby it ſhould ſeeme that che 
point K is yet 33 m. Weſtward Com the Meridian of the 
place to which the ſhip was bound. 

Such is the difference between both theſe charts. 


CHAP: 
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CHAP. VI. 
The uſe of the line of 
N 


f, 


Heline of numbers here noted with 

I. 2. 3. 4-Unto 10, is compleat. in thoſe 
divifions which are between 1 and 10: the 
other like divifions at the beginning of the 
line do ſerve rather ro anſwer to. the ficſt 
degrees of the two other lines of Sines and 
Tangents then for any neceſfity, which is the 
cauſe why ſome ofthem are omitred. And 
here.as in the uſe of other Scales the figures 
. 3.2. 3. 4+ and ſet downe upon the line do 
ſometimes fignifie themſelves alone, ſome- 
times 10. 20. Zo, 40. ſometimes 100. 200. 
300, 400, and fo forward as the matter ſhall 
require. Thefirſt figure of every namber is 
alwayes that which is here ſet downe, the 
reſt muſt be ſapplied according to the na- 
ture of the queliien. 
''1 Havingimonumbers givents 
"fade athird in continual pro- 

portion, a fourth, « fifth, 
and ſofe onara, 


Extend.the compaſſes: from the firſt num» |. 
berunto the ſecond; then, may you turne [x 


them, from the ſecond to the third, and from 
thechird tothe fourth, and ſoforward. | 
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Encazd the compeſier from 2 to 4, then_ may you turne 
them from 4 to 8, and from 8 to 16, and from 16to 32, and 
from 32to 64, and from 64to 128. 

Or if one foot of the compaſſes being ſet to 64, the o» 
ob fall outof the line , you,may fer ic to, another'64 neerer 
the beginning of the line, and there theother, foot will reach 
to 128, and from 128 you may turne them to 256, and ſo for- 
ward. 

Or if the two firftgumbery given were 10 and 9: extend 
the compaſles from 10 attheebfgot:-the line:, back'unto 9, 
thea may youturne'them ifrom!9/unv's; v;/and from 8. x 
unto 7. 29. Ando if thetwo firitnambers-given were i and. 
9, the third would be found'tobe'$r.,; the: fourth 729. with 
the ſame extent ofthe compaſlſes; vil © 454 5 

In the (ame ;manneryif.the trofofi:manbets wire? 464k; 
12,you may findethe third: proportionall toibe'14;'2, the / 
fourth 17. 28. And with the (amecxcent ofthe \cvinpufſes; if" 
the two ficit numbers were -and: 12, the third would be 
found to be 144, and the fourth tobe 1728; + 


* E. 334-4 s$w# 1 v 


2 Having two extreme wumbers gives; 
| ; 80 :findea mean 4 he be: Paints 
_  pmeenthem | REA ts 
Divide the co berweene the extreame numbers into. 
.twoequall parts, and the foot of the compalles. wilb Ray at 
the meane proportionall. $0 the extreme numbers given 
-being 8 and 32, the mean betweeti'them'will* be found to be 
16, which may be prooved bythe former "RM L & here it was 

: ſhewed, thatas Sto 16, ſoare 16 co 32+ : 


3 To ford the: oy PT HIT F 
jj. | Ih 31 1111 ber given.” 4 > m1 els « ”_ 


anger na. 25 an} 


The (quace's roote is alwayes the meane' proportionall be- 
exveene 3 and the number given,/and erefore'tobe found 'by 


2 vel dividing 


Is 


* The uſe of the lint of Nambers, | 21 
dividing the ſpace betweene them into twoequall parts. So 
the root of9 is 3, and the root of81 is 9, and the root 
of 144, is 12, and the rot of 1440 almoit 35. 

If you ſuppoſe pricks under the number given, (as in 
Arithmeticall extraftion) and the laſt prickto thelett hand 
ſhall fall under the lait fipare, which will be as of as there be 
odde figures the unicie will be belt placed at 1in the middle 
of the line: ſo the root and the ſquare will both fall forward 
coward theiend of the line. Bur it che laſt prick ſhall fall un- 
der thelaſt fizure but one, which will be as ofc as there 
be even figures, then the unicie may beplaced at I in the be- 
ginning ot the line and the ſquare inthe ſecond length, or ra- 
ther the unicie may be placed at 10 inthe end of the line of 
the roar , and theſ{quare will both fall backward toward the 
middle of the line, in the ſecond length. 


\+- - 4 Haumg two extreme numbers given, t9 
finde two mean proportionals 
between them, 

Divide the ſpace betweene the rwo extreme numbers 
given into: three'equall parts: As if the extreme numbers 
given were $ and 27. divide the ſpace berweene them into 
three equall parts, the feet of the compaſſts will ftarid in 12 
and 395 05 i 12300 gh uer Og ey HINT 
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5 To find the cub1que root of a num- 
ver arvens © 
The cubique root is alwayes the ficſt of _ a ne pro- 
portionalls.berweene1 and thenumbergiyen.;antt therefore 
to be found by dividing the ſpace between them: into three 
equall parts. ; | 34-24:0%8 
So the root of 1728 will be found ro be 2>:The root 
144d | Cc 3 of 


> 2 * The uſeof the line of Numbers, 
of 172$0 is alntoft 26: and the roote of 172800 Is almoſt 
I Os 

| If you ſuppoſe prick under the number given afcer the 
manner of Arithmetical extra&ion, & the laft p: ick to the lefe 
hand fhall fall under thelali figure as it doth in 1728, the 
unitie will be beſt placed at 1 in the middle of the line, and 
theroor the ſquare and the cube will all fal forward toward 
the end of the line. 

If the laſt prick ſhall fall under the laſt figure but one as 
in 17280, the unitie may beplaced ar i in the beginning of 
theline, & the cube in the ſecond length or the unitie may be 
placed at 10intheend of the line: and the cube in the firſt 
length; or if the cube fall outof the line y u may belp your 
ſelf as in the ficlt Prop. 

Bur if the laſt ny ſhall fall under the laſt figure but ewo, 
a$ in 172$co, then place theunitie alwaies at 10 inthe end 
of the line : ſo the root the ſquare andthe cube will all fall 
backward, and be found in the ſecond length berween the 
middle and end of theline. 


6 To multiply one number by another, 


Extend the compaſſes from 1 tothe multiplicator z the 
ſame extent applied the ſame way, ſhall reach from the myl- 
tiplicand tothe produR. | 

As if the numbers to be multiplied were 25 and 30: eicher 
extend the compaſles from I to 25, and the ſame extent will 
give the diſtance from 3oto 750; or extend them from 1 to 
30, and the ſame extent ſhall reach from 25 to 750. 


7 To devide one number by another, 


Excend the compaſſes from the deviſor to 1, the ſame ex- 
tent ſhall reach from the devidend co the quotient. | 
Soif 750 were tobe divided by 25 , the quotiens would 
be found tobe 30. TR nt 9 07 Aa 
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The uſe of the line of Numbers.” 


8 Three numbers being given to finde a 
foarth proportional, 


This golden rule, the moſt uſefull of all others, is perfor- 
med with like eaſe. For extend the compaſſes from the fir 
number to the ſecond, the ſameextent ſhall givethe diſtance 
from the third to the fourth. 

_ As for example, the proportion between the diameter 
and the circumference, is (aid to bee ſuch as 7 to 22: if the 
diameter be 14: how much is the circumference? Extend the 
. compaſſes from 7to 22, the ſame extent ſhall give the di- 
ſtance from 14 to 44: or extend them from 7 to 14, and the 
ſame extent ſhall reach from 22 to 44. 

_ Either of theſe wayes may be tried on ſeverall places of 
this line; but that place is beſt , where the feet of the com- 
paſſes may ſtand neereſt together. 


g Three numbers being given to finde « fourth 
in 4 duplicated proportion. 


If any have dgily uſe »f thus propoſition he may cauſe another line 
of Numbers to be made. 


This propoſition concernes queſtions of proportion be- 
tweene Lines and Swperfices; where if the denomination be 
of lines, extend the compaſſes from the firſt to the ſecond 
number of the ſame denomination: ſo the ſame extent being 
deubled, ſhall give the diſtancee from the third number unto 
the fourth 

The diameter being 14, the content of the circle is 154: 
thediameter being 28, what may the content be ? Extend the 
compaſles from 14 to 28, the ſame extent doubled will reach 
from 154 to 616. For firſt it reacheth from 154 unto 308; 
and turning the compaſſes once more: it reacheth from 308, 
unto 616:and this is the content required. 

Bat 


| EI 


! 


2 4 The uſt of the line of Numters, 


Bat if the ficlt denomination be of the ſuperficial content, 
extend the compaſſes unto the halfe of the diltance , be- 


tweene the ficttnumber ard the ſecond of the 


ſame deno- 


mination; ſothe ſameextenit ſhall give the diltance from the 


thicd to the fourth. 


The content of a circle being 154,the diameter is [14 : the 
rontent being 616, what may the diameter be ? Nivide the 


diſtance berweene 154 and 616 into ewo eyiall 


parts; then 


tec one footin 14, the other will reach to 28 the diameter 


required. ' © 


* 


10 Three numbers being gruen to find a fourth” 


_ 7n atriplicated proportion, 


4 


| This propoſition concerneth queſtions of proporti6n' be- 
tweene lines and ſollids.; where if the firſt, dengmination bee 
cf lines, extend che compaſſes frem the firſt nutnber tathe 
ſecond of the ſame denomination:fo the extent being tripled, 
ſhal give che diltancefcom the third number unto the fourth. 


Suppoſe the diameter of an iron buller being 


4 inches, the 


weight of it was 9]: the diameter being $inches , what may 


'the weight be? Extend the compaſles from 4 to 


8, the ſame 


extent being tripled, will reach from 9 unto 72. For firſt it 
reacheth from 9 unto 18; then from 18 to 36; thirdly from 


36c072. And this is the weight required. 


But if the firſt denomination ſhall be.of. theſo!id content, 
or of the weight, cxtend the campallts,coa third paxt. of the 
diſtance betweene the firſt numbeg. and: the. ſecond of; 
ſamedenomination; ſo the ſame extent ſhall give the diſtance 


fiomehechicd-numberunto the fourth. 
The weighc of a cube being 72 /. the fide of 


it was 9 in- 


ches: the weight: being 9:1. what way. the fide be? Divide 
the diſtance betweene 72 and 9 ,,ito.three cquall parts;;:then 


- 4 
. . 
» 


ſet onefoot to 8, 'the other will reach to 4, the fide required. 


CHAP 


 ' Thenſesf thelineof artifictal! Shia: 


CHAP. VII, 
T be ufe of the line of artificiall Sines. 


"His line of ſizes hath ſach uſe in finding a fourth propor- 
T cionall,as theordinary Caron of Sines:and the manner of 
finding ic, is alwayes ſuch, as in this example. 


As the fine of 90 gr. unto the fine of 3o gr. 
' So the fine of 20 gr. untoa fourth fine. 


Extend checompaſſes from the Sine of 90 gr. unto the line 
of 30 gre the ſame excent will reach from the fine of 20 gr.Uns 
tothe iineof 9 gr. 50m. 

Oc you may cx: eud chem from the fine of 907zr. unto the 
fine of 20 gr. the ſ:me extent will reach from the line of zo 
gr. untocheline of 9gr. 50m. and ſuch is che fourth proporti- 
onall liner«<quired, 

Inlike manner if the queſtion propoſed were 


As the fine of 30 gr. untothe line of 52 gr. 
So the fine of 38 gr. to a fourth fine. 


Fxtend the compaſſes in the line of fines from 30 gr. unto 
52gr; theſamecxtent ſhall givethedittance from 35 gr. un- 
to 76 gr. Or extend them from 30 gr. unto 38 2” the ſame 
extent will reach from 52 gr. unto 76 gr. which is the fourth 
proportionall fine required. 

And thus may the reſt of all finicall proportions be 
wronght two wayes. The minates which are wanting in the 
firitdegree , may be ſupplied by the line of Numbers , as I 
ſkew in the next Chapter. 
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"7 EM The aſt of the line of Tangents, © 
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The- uſe of the line of artifictall 


T angents . 


en lineof Tangents hath like uſe , but commonly jJoy- 
ned wich the line of fines : the mannerof working by it, 
may appear by this example. 


As the Tangent of 38 pr. 30 m. 

is the Tangent of 23 gr. 30m. 
So the fine of go gr. 

coa fourth Sine. 


This Prop. and ſuch others upon two lines, may bee 
wrought two wayes. For extend the compaſſes from che 
Tangent of 38 gy. 30 m. to the Tangent of 23 gr. 30 m. 
the ſame extent (ball give the diſtance from the ſine of | 
90 gr. to the fine of 33 or. 8m. Or elfe extend them 
from 38 gr. 30 m. in the Tangents unto 9o gr. in the 
line of Sizes;zthe ſame extent from the Tangent of 23 gr. 
30 ms. [hall reach to the fine of 33 gr. 8m. which is the 
fourth proportionall fine required. 

And this crofſe worke in many caſes is the better, in re- 
gard the tangents which ſhould paſſe on from 40 gr. to 50 
gr.and fo forward, do turne back at 45 gr. Theſe ewo 
lines of Sines and Tangents, may ſerve for the reſolution of 
all ſphericall triangles, according to thoſe Canons which 1 
have ſer down inthe uſe of the Se&or. Onely two caſes the 
19and 20 will be more eafily reſolved by that which fol- 
loweth inthelaſt Chapter of this book. 

Oc if at any time one meet with a Secant, Let him 
account the fine of 80 gr. for a Secans of 10 gr. and the 
fine” of 70 gr. for a Secant of 20 gr. and fo take the _ 

(6 
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The uſe of the line of Tangents; 
ofche complement in ſtead of the Secant. 


As if the propeficion were, 
| As the Radiuztotheſecant of 51 gr. 30. #. 
So the fine of 23 gr. 30m. 
to a fourth tine. 


Extend the compaſſes from the Radius that is the fine of 
g0gr. to the fine of 38 gr. 30 m. the ſame extent will give 
the diſtance from che fine of 23. gr. 30 mi; both co the line 
of 14. gr. 22 #. tothe line of 39 gr. 50 mm. Bur in this caſe, 
the tine of 39 gr. 50 m. is the tourch required. For the 
firſt namber being lefſe then the ſecond , cnat is, the Radius 
lefſe then the ſecant, the fine of 23 gr. 30 m. which is the 
third, muſt alſo belefſethen che fourth. 

If the fourth proportional number ſhall at any time fall out 
of the line, by reaſon of the minutes that are wanting in the 
firſt degre, ic may be ſupplied by reſolving the third nums 
= given into minute, and then working by the linc of num- 

ers 

As ifthepropoſicion were, 


As the fine of 90 gr. 
to the Sine of 10 gr, 
So the fine of 5 gr. 
to a fourth line. 
Oc the Tangent of 5 gr. 
to a fourch Tangent. 


Extend-the compaſſes from thefine of 90 gr. unto the fine 
of 10 gr. the ſame extent will reach from the Sine or Tan« 
gent ot 5 gr. beyond the end of the ftaffe. Wherefore I re- 
ſolve thele 5 gr. inro 300 minutes and find thefermer extent 
toreach inthe line of numbers from 300 m. unto 52m. and 
ſuch is the fourth proportionall required. 

If che cxtenc from the fine of ' 90. gr. unto the fine of 
10gr. be too large for the compaſſes we may uſerhe- Sine of 
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a2 The uſe of the lines of Sines and Tangents; 
5 gr. 44 1. infiead of the fign of 90 gr- 4 
And ſo extending the compaſſes from the fine of 5 yy. 44 
”. unto the fine of 10 gr. we ſhall find the fame excent ro 
reach in the line of Numbers from 300 unto. 52 as be- 
fore. 
And by the ſame reaſon we may uſe the tangent of 5 gr. 
43 m. iniiead of the tangent of 45 gre as 1 farther fhew in 
the uex.: Chapter, | 


— 


CHAP. 1X. 


The uſe of the line of Sines and T, angents 
toyned with the lime of Numbers. 


T He lines of Sines and Tangents another like uſe joyntd 
with the line of Numbers, eſpecially in the reſoluti- 
on of right linetriangles, where the anglcs are meaſured by 
degrees and minutes, and the ſides meaſured by abſolute 
numbers, whereof, I will fet downe cheſe propoſiti- 
ONS. 


3 Having three angles and one ſide, 
to find the two they 
ſidese 


Tf it bea re&rangle triangle wherein one fide about the 
right angle being known ic were required to finde the other. 
This may be found by the line of Tangencs and line of 
Numbers. For, 


Asthe Tangent of 45 gy. 


et" the tangent of the angle oppoſite toche fide required 
S0che number belonging to the fide given OY 


co 


- joyned with the line of Numters. 29 
tothe number belonging ro the fide required. 


As in the reftan-' | « 
gle ABC knowing 4 OD —OY 


the avgleC A B to = EE = 


be 9 gr. 15 mM. and the ſide ABto be 135 parts, if ic were 
required co inde the other tide B C aboar the right an- 
le. 

: Excend the compaſics from the Tangent cf 45 gr. unto 
the Tangent of 9 gr. 15 m. theſame extent will reach in the 
lineof Numbers trom 135 unto 22. and ſuch js the length of 
the fide B C: Or-in the cicflſe worke extend the compaſles 
from the Tangent oi 45 gr. unco 135 in the line of numbers 
the ſame <x:ent will reach from the Tangent of 9 gr. 15 m1, uns 
to 22 in the line of Numbers. 

« If chis exrent from the cangent of 45 yr. to9 gf. 15 m. 
or 135 parts be coo large for the compalles, you may uſe 
the Tangent of 5 gr. 43m inltead of the Tangent of 45 pr. 
becauſe both alike an{wer to 10. &c. parts inthe line of Nums 
bers. 

And then either extend the compaſſes from 5 gr. 43 mm 
unto 9gr. 15 m7. in the line of Tangents, theſame excent will 
reach from 135 unto 22 in theline of numbers: or elſe extend 
them from the tangent of 5 gr. 43. m2. unto 135 in the line of 
Numbers the ſame extent will reach from the Tangent of 9 
gr- 15 m. unto 22 in the line of Nambers,as before. 

In like wanner if the ſame reQangle A B C knowing 
the angle A CB to be 80 pr. 45 m. and the lide BC to 
bee 22 parts, it were required to finde the other ſide B A, 
You may uſe the Tangent of 8, pr. 17 wr. jnltead of the 
Tangeat of 43 gr- and ſo the fide B A will be found to be 
135 parts. 

This holdeth for finding of the fides of re angletriangles, 
but generally in all cri.ngles,whe:her they beright or vbruſe 
angles having three angles and one fidewe may finde the 
Two other hdes by the line oO! S ines and line of Nambers. 

D4q 3 as 
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30 The uſe of the lines of Sines and T angents: 


As the Sine of an angle oppoſite tothe fide given, 
isto the number belonging to that tide given, 
. © So the Sine of the angle oppolice.co che tide required, 
tothe number belonging tothe fide required. 


As in the example of the fourth Chapter of this book, 
where knowing the diſtance berween cwo tations ar A and 
Deo be 100paces, theangle B AC to be 43 gr. 20m. and the 
angleBDC to be 5$gr. it was required to tind che dittance 
AB. 

Firſt having theſe two angles, I may finde the third angle 
ABDto be 14gr-40 m. either by 1ubltraQion or by com- 
plement unto 180. Then in the Triangle BAD, I have 
three angles, and one fide, whereby I may finde both 4 B 
andDB. 

I know the angle A BD oppoſite to the meaſured fide 
AD to be 14 gr. 40 m. and the angle A D B oppoſite 
to the fide required, to be 122 gr : wherefore I extend 
the compaſles in the line of Sines from 14 pr. 40 m. unto 
122 pr. or ( which is all one) to 58 gr. ( for afcer 9o gr. 
the = of So pr. is alſo the fine of 100 gr. and the fine 
of 70 gr. the Fe of 110 gr. arid (© in the reſt ) fo ſhall 1 
finde theſame extent to reach in the line of numbers, from 
1co unto 335. And ſuch is the diſtance required between 
AandB. 


joymed mth the line of Numbers. | 


In like manner Textend my compaſſes from che fine of 
14 gr. 401. to the fine 43 gr. 20 1. the ſame extent will 
reach in the line of Numbers from 100 to 271. And ſuch is 
the diſtance berween D and B. 

Or in croffe worke, I may extend the compaſlſes from 14 
-40 mm. in the Siner, unto 100 parts in the line of Nun 
bers, ſotheſame extent will give the diſtance from58 gr. co 

' 335 parts, and from 43 gr, 20 ms. to 271 parts. 


2 Having two ſides given, and one angle oppoſite 
to either of theſe ſides, to finde the 0: her 
two Angles and the third ſide, 


As the fide oppoſite to the angle given, 
is to the fine of the angle given: 
So the other ſide given, 
tothe ſine of that angle to which ic is oppoſite. 


FI The aſeoſthe line of Sinet and Tungents; | 


Soin the former triangle, having the two fides AB 335 
Paces,and AD 100 paces, and knowing the angle A D BR, 
which is oppofitetothe fide AB, t) be 122 gr. I may fi:d 


theangle ABD, which is oppoſite to the other fide A D. . 


For if I extend the compaſſes from 335 unto 1coin the line of 
Numbers, Iſhill findethe ſame extent to reach in the line 
of S:nes from 122 gr, 014 gr. 40 m- and therefore ſuch is 
the angle ABD. 

Then knowing theſe two angles ABD and ADB, I may 
find the third angle BAD eithec by ſubcraRion or by com» 
plement to 180 ,to be 43 yr. 20 m; and having three angles 
and two ſides, I may well finde the third fide DB, by the fors 
mer. Prop. 

This may be done more readily by crofſe worke. For if I 
extend the compaſs from 335 parts, in the line of nam: 
| bers, to the line of 122 gr. the ſame excent will reach frum 
100 parts to the fine of 14 gr--40 m. and backe from 43 gr. 
20 m.to 271 parts; and ſuch is the third fide DE. 


3 Having two ſides and the angle between them, 
to find the two other angles and ihe 
[4 hir a {de . 


If the angle contained between the two fides bea right 
angle, the other two angles will be found readily by this Ce 
non. . 


As the greater fide giyen, 
is tothelefler fide: | 

So the rangent of 45 gr. ” | : 
tothe tangent of che lefler angle. 


So in there&angletriangle, A TB, knowing the fide AT 
to be 2.4 and the fideTB to be 230: if I extend the com» 
paſſes from, 244 to 230 inthe line of numbers, the ſame cx- 
tent will i 


h from 45 gr. toabout 43 gre 20 mm: in che = 
0 
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of Fangencs; and ſuch is the lefler angle B &f,and the com. 

plement 46 gr- 40. ſhewes the greater angſ# A B I, The 

'y bes being known, thethird fide A B may be found by the 
F 

5 Solicewiſe inthe example of the chird Chapter of this 


doak,.concerning taking of angles by che line of Inches, 


wherethe parts Intercepted on' the Staffe being 20- Inches, 


and che parts on the Croffe 9 Iaches, it was required to find 
the angle of the alcitude. For, FE 

I may extend che compaſſes in the line of Numbers ,' from 
20-unc0-9, the ſame extent will reack in the line of Tavgents 


- 


from 45 gr- 10:24 gr- 14 8+ 
Oc in ccoffe work, | 
I may extend the conpalſes from 20parts in the line of 
Nambers to the tangent of 45 gr; the ſame extent hall 
give the diſtance from 9paits unte the Tangent of 24 gr. 
TI 4A mh TY FO) T3 7 k 
God ſuch is the angleof che'alcicude required. 
If the parts intercepted onthe ſtaffe being 20 inches arid 
theparcg on the Crofſe 9 tenth parts of an inch ic were 


ol 


* required:tofiad cheaugleof 'the: altitude. Here the angle 


would be much lefſe, and the 9 would fall ouc of the line of 

numbers. : 
Toſupplie this defe&, Tuſe the tangent of 5 gr. 43 ms. in- 

Read of the tangent of 45 gr. And then if Texcend the com» 

palles in the lineof Numbers from 20 unto 9 the ſame ex- 

_ will reach tn thelineof Tangencs from 5 gr. 43 m. unto 

3 ”. © F :  B% > "09 » 
; ht Crofle work if I extend them from'20' parts in the 


ene line of numbers anto the Tangent of 5 gr. 43 m. che ſame 


extenewillpive the diftaneefromy in the line of Numbers 
ghto the Tangenc of 2 gr. 35 me” 12000 ys 

: "And fech'is chis angle of che altitmuderequired.' 7 
Bat if ic be an oblique anglech2r is contained between the 
two fides given, the triangle may be reduced into cwo retan» 
gle triangles and then reſolved 25 before. ang: 


VEASTF S -3; Ee As 


qruf Nodame Snow 
Ha gle A DB, ' where: che Gde AB: Tr 
,agd the fi op» angeBA. Dog 
lee down the pependicalai DH upon el fAB 7 By Fball 
have two re&angle triangles, AHD, D H B; and: in* the 
;retaogle ARD,the angle at A being 45 g=-20w. theother 
angldA D Hwilthbeiud gr qo m; and wickets anglesand 
thefideA D; I may find both AH upd D: Hz 3 bye e firſt 
' Prop 

Then « taking A Hout of AB, thets remaines' H. Bor the 
ſide gfche reftangle DH B, and. therefore' wkh'this- fide 
HB and:theother {ide HD, /!I-may findiberks the < 
atB. and the third fide D B, az imthef: ormer park of ith 
Pr 


F S: D, 4 EI ., TW, 
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op 
OcImay findthe angles re quired, wichour fereing down 
mp perpendicular. EF ors"; : 3/3 
_*vP qL.-4-:3 'f jt; 
"As ak { Hoes of. hin Ele, | | 
is tothe difference of the fides: - D | 
; So the tangent of the half ſamme of the oppoſe » an» 


oſs: .cocheLavgent ofhalf the d Gerangy botwodr choſ 


; anglex. et bliomne do: b IL 


.. - As inthe former triangle A DB.the ſuwme ofaha files 
4 B, A, is, 435zand the differences berween. them-2353the 
= e contaiged. 43 A. 29. 9-206: therefore the; ſurmme 

EOnQ appar angles 136 g4e compallainthe Koa 


Gr. 20 m. Hereupon Iextend the compaſles in the) 
Nano 495 & F: 7b and I find them-.tojreach-in- the 
i Tengence fowry Gr-:20.m. unto ts pat on 


«ebb ra bowmiiean ohangley at Þ 


_ , doth give 322Gs-far ntreece=rgl 4D Wage al 
ſubtraQed;jcleaverh 14 Gr..40-m. forthe vangl; ABD 
a ra D may 


- Thentbechrecanghes bei 
be found by the fir Prop. 


4 Having 
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4 Having the three ſides of a right linstriang te; 
ts finditherhree angles. i'r 


Let one of the three fides given be the baſe, byt rather the 


greater fide, 'that.the perpendicular may fa} within the 
cringe hen gather che fame}, andthe diffetetice' of the 
rws other fidesy/and che proponion will hold, 


-  Anthe baſle of cthetriangle, 

./ {12 trothefamne of the fides + | 

 S6thedifferenceofthe fides $2758 23 VER ODD 

» 1. 1-40 fatrthy which being taken forth 'of the baſe, 
the perpendicalar ſhall fall oa the middle'of the 

-.. vi remainder. © 1. 148 


-Agincheformtertrizngle AD B, where che baſe A'B' 
F#ZzUhs Grinneefthe hides AD andDB 371, and the dit- 
ferenceof them. If Texrend the compalſesin che line of 
' Numbivs trom'335-umo'371, I fhall find the ſame extent 

veaclifrom'171 wnto $9 4. This fourth number 1 take 

tb hebialt335.0g andthereminder is 145.6, the'balf 
whereof 7727 Syand dark ſhew the diftance from A. unto 
H, wherethe perpendicular fiafl fall, fron che angle D, up» 
on the baſe A B, dividing the former triangle A D B into 
eworight angletriangles, DHA and DHB, in which the 
angles may be found by the ſecond Prop. | 

And this may ſuffice for the right line triangles. Bat for the 
_ more eafieprotraQion of theſe triangles, I will ſet down one 
prophicion more concerning chords. 


5 Having the ſemidiameter of 8 circle, 
to findthe Chardsof eve © 
- nr.Ark. 


Ee 2 


236 Thewfeoſthilimif Sine md Tengentii «© 

As tbe fine of the Semiradiug of 3ogr., . 
corke fie of half rhe ark propoled:-? 2/4 -1/ 

So is the ſemidiamiterof theciraltegiven, | 
'tothe chord of the ſame ark. Y | 


eraſing - the farmer c 
required to find the length ofa chord of 43 97520 w-agreeing 
knowd.je be 3 inches. The 


* tothe ſemidiamecerf Ewhich is 
half of 43 gr. 20 - it gr. 40 mz wherefore I extend the 
compaſles from the fine of 30 gr-tothe fine of 21 gr. 40 mand 
I find the ſame extenc toreach in the line of Nambers from: 3. 
COO parts tO 2.215; which ſhewes, that the ſeraidiameterbe- 

ing,z inches, the chord of 43 gr. 20m. willhe:2 inches and 

415 part8of 190, - | 4 | ny 

In like manner the chord of 58 gr. agreeing to the ſame (e- 
midiameter, would be found to be 2 inches and 909 parts. 


Foe the halfof 58 being 291 if Lexcend the campalles in. the 
Ys o ac chk 29gr-the ſame exteny will reach 
Ip theline of Numbers from 3. 000, unto 2. 909. 

_ Orin croflework, ifI extend the compatles fram: the: 
"Sing of 30 gr. to 3.0c0 inthe line of Number 7,1 ſhall find the 
fawwe.excenc to reach, from. 21.gr- 40m. £0 2. #15 parts, and 
from Lun 209 parts, and fron 7. gr. 20 m- tO. 795e, partly 
forthe chord of 14gr; 40 m. forthe third apgle ABD. : - :: 
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dd. found 206 453tw ono t'y 

His line "of oirſd Sinet.isnonecef{ary line. Fe at all erian- 

Tit both cight lined and- i vg » May be reſolved 

by thethree former lines of ps ws Ines andTangents; 

yet Ithought.good te put i2.on' Jaffe for: the: more ealie 

'inding of:anangla having three fides, Qr a lidebaringthree 
angledo a ſpecitall exiangle given. - 

'Sappoſe the three fides tobe » One fab 100, gre. the. _ 
ther b5; gr. and thethird 38 gr. 30m. and _ be equates 
findiche: angle; whoſe baſe ie1 Ja gr. ,:: 20 

.- [firſt addthew togerhers pod fam, hathatie fame! Gabe, 
raft 5 OTIS: 3s paper, this {agus "19 v3} 


- 


it Thebaſe: : Sn 2240; a6 ($10 g1aw.. * 
bak 1+The: obs > 1" 21 SKEDD) to 28 : 24301, 'M 
" The En ol 338 30 pr 
The ſJamme of all three a26 30 
The half ſumme i89- Is 
The difference 3 15 
q Fold the proportion will hold, 


3 Asthe Radius the Sine of the one fide 
So the Sine of the other Side tothe fourth Sine. 


2 As this fourth Sine to the Sine of the half Samme: 
Sothe Sine ofthe difference to a ſeventh Sine. 


3 The mean proportionall between this ſeventh fine 
and the Radius will ſhew the fine of the complement of half 
the angle required. 


Fe 3 This 


4 F 
This done, I come to the Staffe, and extend the compaſſes 
from che fine of 96 gr. to thefine of 78 77; which is one-of 


The »ſ+s] the lineof virfed Sines 


the fides; and applying this extent from the fine of the other 


fide 38 gr = me. I find ictoreach toa fourth fine , about 37 


+ 30 th ine 30 m.-I extend the 
Ber dk 'A ENV fine of Y SE Kidinite*113 gr. 15 
m. (w hich is A one with the fineof 66 gr. 45 m.) and this 
fecond extent will reath"fronrhe firms \the dj FenGe3 jgr, 
15 -m.o the fncof or. $4m.” > 

- Then to find rhe mean proportionall fine between hi 
foyenths f(meof 4zr. 5444. and chefine;of 900gr- Þ might di- 
videths fpacebe ER a nYTonny tn s ano] 
ſhould find the compafſes wfhay atzry mplement 
157 3pr. antthodouble of 73 gre is tiles che cheangle oppoſite 
eo1r0g7-which iwas required.” ; 
But becauſethis divifionis ſonrerefiat eronbleſome LHiaye 
_ theroforentiied this line 6f 466d Sini1that oand the 
ſeventh Simeon: might 105k over again itend chere Hol 
the _ And ſo in this example having found the ſeventh 
fine tobe425 54 m. over againſt this [you ſhall God 
op . ivahe linz of verſed Sives for angle required as 


a A þ. 
£2 br 914 {4 Jr : 
_— rw 
P . _ 
Te > 933116 $2 3 ar 
"ok, 
- 
(ny 


lod Hi nourch 1: O SAP! 
So EL7aL, 


* © F @ Pet = m 
nan anmyit.omt'd act» Cy 6 
IF 3: <9 7 8 WELINLLA & 
- 7, 20:01 - 9213 
ermmmict? 11a 210 3nif2 2d; 5 1.1 yol 8: {ref £ 
nal? ; 2TI9VY 01 & 1 327; Riba 23:10 * yl c-: 
S frm>y Y Y.- 2. + = m y 8s " ” % £% y o A 
- FS 3 ; Iz ; »” $ dw* if I'S; > # : P 7 4 > f p4 { 
. ". ” ? 4 {3 s .F 4 1 P* of? 42% 55 : 4 - F 2 [ C7 5 nN 
Tx * 240] I | ti. FJ 30 $1! 9.1 WAH AEG £4 Delft 2113 5 
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of the uſe of the former Bnes gp | © 


| propoſition more Uo A 
L  exrophfelinh PAN Iba'r,.. vor, {7 


Ha former: x pA the. 
generall uſe of each line of. 
| poitignymey.beſithcians fowl ty 
= | thoſe wbichknaw the al tof: Liregand 
| the docirine of (riangley;- -; - 
| Batfos there, fuppoſe ic maald rf 
| noredifhenlene dlnde roieue be decli», 
| (8$ion of ULtE V3 PP des: ar: 
the like, by that EPI bexti ſand. 
in the uſe of the line of Sizes, unlefle 
they may have the particylar-prepor- + 
tions, by which ſuch propeficions ate 


—— 
s 0 


os 
4 
mn vc —=— "= a 2 a a ma 
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- —_— w— __4 
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tobe wrought; _ 


{ 
— 


'% «&; 2 « wit rw” uv 
A ene a & me CEE cas 


L adjoynec tr TY BOC T contriining | | 
! ſeverall proportions for nies of | - Il, 
ofdigarie uſe, and fe; chem down? 1n'f''ſf \k- E 


ſich order,that che Reader c \} 
Hihe frftof-rheths , be re Rules el HA © 
even, tidy eaſily *upply-rhelty eve FF 5 Ie 


| Stor, and alſo reſo}ve theni By Arith- f "If | 
etique, begindingwih choſe which | Ef} « 
a ipooay "the line of Now" | 


TV:2 :4uCyv 


{Li CHAP. 


| Theoſeoſuy Ive X bub 
bf 5 HH L 


aſe f the ane Ns Wy in thre 


fer by: Hl 
ana th "4" 


-> IYRG 339 $ 
WI wibagdle evil c feet and 
ve, Gl feb 90. Vge 2 IN & ey inch 
into Sn and qu bh which being pactsvf (everall de- 
— breed mucktroabloboctyin Arichaiedck 


ra inficqments. 

ding whereof whers L May event T ive his 
« delighted in meaſoreiwould uſe 
© _— ddr ane wr inch meaſure, wherin'evety inch 
£ maybe divided intd 160r 100 parts; ſevondly a line of foot 
mare pe as wit nt foot may bedividediinto r000r1000 
«_ oth Ain the chan thefane (ole of aired: 

| likeinamier.>'i'v; 1: + 


* 
” Cv4% £ = - 
A k *4 b. 


TS — — page; Mr 
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». x a. ti 1 _ 2}: 41; ;001 7 Ft G3 
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_ {1 | , 34 ©,» " SS _ #0 # 4 p ; 12 n - EC, 
_ "ou | St $2 + Pf $ +4 | tj 4s. TOs 


PAres. | 
clert Fer: php plmba gained 
e maki 
adthis ould giv = content to be £42\ 
\ þ inche- 


\IEY js 


1: 1 0 br04d wraſures \ | . 41 
:jnckes: bucif 1 wereto find the content of the ſame plane in 
feet, I would meaſure the fides of tt by the foot line and his 
rtsz ſo che length would prove to be 2 feet {z-, and the 
readth 1 feor 33., and the length malciplied by che bredch, 
cutting off the four laſt figures, for the foure figures of the 
parts, weuld give content to be 4. 5000, which is 4 foot and 
5000 parts of a foot, divided into 10000 parts. 


21.6 2.50 

30.0 1.80 

$48.09 20000 
250 

45000 


* Thelike reaſon holdeth for yards and eines, and all other 
meaſures divided into 10, 1000r 1000 parts, 

This being preſuppoſed, the work will be more eafie both 
by Arichmetick and the line of Nzmbers, as may appear by 


theſe propoſitions. 


: Heawng the bredth and length of an oblong ſup or- 
fictes given in inch. meaſare, to find 
the content in inches. 


: As x inchancothe bredch in inches. 
Sothe lenigthi in inches unco thecontent in inches. 


4 S E q? 
EEE To Ea as da ride i. aaa HY B 
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3 X S » TY - . SE Fn IN Es nn, OO ET * 
4 þ2 a. o®* o 
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| « CTY. 34. $5 | = a ty = 
'< PITT. * 
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Yappoſeln the plone AD, the brook AG tobe 30 lnchet, 
_ | | an 


CEO ES <*IFI 
WW - 
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: Thewſt of ahtlewt of. Numbers 
and the jength AFtobe 193: inches extend the: 
fron\ 3 unto' 30, the ſame extent 'will reach from): 383] unto 
5490; or extend them from 3 anco 1833 the ſarhe 'extenc will 
reach from Zounto5490. So both wayes the, content. requi- 
red is foundro be 5499 inches. +. fo oe 054 if 147 

As 4 unto 30:{coare 183 unto 54905: | :: 


Z 


2 Having thetreadib and length of any oblong ſax - 
perfictes given ininche , teffnd the 
comtert inſeer.” © 


>0OOS ©0.6 þts 
As 144 inches unto the breagh in inches: 
| So the length in inchetunto the content In feet. 
And thus in the former platie A D, working as before, the 
content will be found to be 38. 125, which is 38 foot and ; 
| k £53334 L 1s 8} i v03 33h hl 1 LIST. 1 7. 
of a fovr. | {17 0330 OM (692897 2MiD 
Az 144 urt& 30, foxre183urts 38; 1252 1715 7. a7 <1 


2 Having the length #nd breadth of ebope ot: 


ficres grien in fort meaſure, ti 
ect, nts 1, OAT wt ororana 


As 1 foot unto the bredth in foot tmeaſare > (+ 
So the length in feet untothetontentih feer. 

And thus in the former pJane A D, the bredth will be 2 
feet 50 parts, and the pngth;L5 (Ret £5: partadches working 
as befare, the content will-bs found tohe 3SuHh@$9 ef; ©2 

As lunto2.50:ſo are 15.25 unto 38. 125, 


4: Hein chelreadibof coqelloagſapoFolrgioe 
' in inches anathe length 11 foot meaſure, to 
find the content in feet. of 


" Mn i ee ee . 


I & F KEESu Nene CIS pode fa nt 3:0q4t0 s 


ns 


F 
F 


| Soalfo in the former plane, che content will be found to 


be 38. 125- EY | 


Asthe 12 unto 30:To are I5, 25 vnto 28. 125; 


s Having the breadth of an oblong ſuperficits given 
©#n inchec, ty finds the length of 4 foot fnper- 
 fictall in mch meaſure. . __ 


DN EN S. 


As thebreadch iminches;unte 144tnthes: ' 
So 1 fooc unto the length iv inch meaſure. 
So the bredth being 30 inchery. the tengrh of 2 foot wil 
be found to be 4 inches bo parts , >the tenprh of two feet 9 
inches 6Þ parts © Rad | 
As 30anto 144.:{oarei uno 4980. 


i 6 H aving the bredth of an oblong ſuperficies 81ven 


18 Jerb, 0 fiuve the tewgeb sf # roor ſuper- 
firhall is: foot meaſure, © 


As the bredth in foot mealſuce to 1 foot : 
Soche number of fetttd thelengeh in foor meaſure. 
- Sothe breadth being 2 f&@t 50*parts, the length of a faort 
witibefogad2&by: ;oparaiheltngth of 2 feet $0 parts,aad 
the length pt 3 febe 2Fodrt Zoparts, Je ©: | | 
- A8250 ite i4foiuret unto 0.40, ' 


; Hawiag'the lopgibantbreadtt of an oblong. ſuperficres, 
to finde the [ide of 1/quareequalt 10 the oblong. 


Divide'theYpace hbcwBenthe ferbch 3nd the bredch into 
twoequzll parts, and thalevroPitts compatlls will tay at 
the fiie of the ſquare. 

S5chelengrth being 183 inches,and-the breadth 30 inches, - 
the fide uf the iquare will. be tqund.to bs 74 inches and al- 
moſt 10 parts of 100. i | 
mY Ff 2 Oc 


44 The aſe of th line of Nombers 
Oc the breadth being 2 foot and 50parts, the length 15 
foot and 25 parts, the fide of the ſquare will befound co be 
about 6 feerand 17 parts. | | 


Az 30 unto 74- 10. ſo are7 4+ 10. unto 183. 027. 
And as 2.50 unto 6; 174: ſoare 6.174 unto 15. 247. 


$ Having the diameter of a circle, to finde the fide 
of a ſquare equall to that circle. 


As 10000 tothe diameter : 
So $862 unte the fide of the ſquare. | 
Sothe diameter of a circle being 15 inche, the fide of the 
ſquare will be found abour 13 inches and 29 parts. 
As 10000 unto $862: ſoare 15 unto 13+ 29. 


[7 Having the circumference of « circle to-finde 
the ſide of a ſquare equali to the 
ſame circle. 


As 1c000 tothe circumference : 

So 2821 tothe fide of the ſquare. R 
Y So the circumference of a circle being 47 inches 13 parts, 
3» the fide of the ſquare will be about 13 inches 29 parts. 

Z As 10000 unto 2821 : ſoare 47. 13 Unto 13: 29. 


to Having the diameter of s circle, 10 finde: 
the cireumference, | 
11 Having the circumference of 4 circle, to 
finde the diameter. 


As 2000 tothe diameter : 
So 3143 tothecircumference. 


45 

So the diameter being 1< Inches, the circumference will 
befound about 47 inches 13 pacts: or the circumference be- 
ing 47- 13- thediameter will be 15. 


. — 
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CH AP. II 


T he wſe of the line of Numbers in the mea- 
| ſure of land by pearch and acres, 


1 Heving cbe breadth aud length of ay oblong ſw- 
perficies, gruen in pearches, to finde the 
content in perches. 


Ag 1 perch tothe breadth in perches: 
- Sothe length In perches cothe concen in perches; 


So in the former plane A”?, if the breadth AC be 3oper- 
ches, andehelengith 4B 133 perches, the content will be 
found xo be 5450 perches. | 


2 Having the length and breadth of anoblong ſa- 
6165 given in perches,to find the con- © 
ferns 178 Acres, 


As 160to the breadth in perches: _. 
Sothelength in perches to the content in acres; 


So in the former plane 4D, the content will be found to 
| be34acres,and 31 centeſimes or parts of an 100. 


As 160 unto 30: fore 153 unto 34-37. 


Toaugment a ſuperficiesin a proportion 
To diminiſh a ſuperficies in a proportion given. 
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A Table for the uſe of the Chain: 


Long: 


Acre Mile. 


Ty9S 63360[Gencefo 


—_ a Chai 


a — cy 
272,25 10, 89 
4356 #74004 

o [374244 


Square. 


Place chit figure between Page 44- and 45. of theCro fNeeftaffe. 
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hag 

| r the length aud breadth of an oblong ſaperſicies 

; Ls wy os "1: chin, Prade the's coatent it acres.” 
Ec belong croubleſome to dividethe content in IIS: 

160,' we may meaſure the leagth and breadth by chaing, 

each ehain being 4 perchtsiin reals? divided into 109 

links, then will che work b: more ealiein Acich  merique, For 


"Az Yotothe bread! ko ; at Ki 
So thaleigeh indhatnd ca content in acrex. 


And guano the fot tate Dhe;breadch if G will 


be7 chains 3otinksga tbelengity 845. ckains.75 links; . 


then working as before, che content will, be found as before, 
34 acres 3I Part. 


£230 21-31 
4 Haug the pergendiuler awd boſaph + triangle groem 
in perches, to | fude the _—_ in Acrei. 
-* art 61 ts { 97] s £2: 
[Wihe rptatiadlangd forthe bicadiin; ah che; baſeir 
the length,the criangle will be the Halfaftheobtong, huh? 


triangle CED is the half of the oblong AD, whoſe content 


was fqu nd inche former Prop \Qs wichanthialinge bh 
| + 


ER by 


Az320to ;the perpendicular : : whe 
So the baſe tothe content iti _— 


Soin thetrian le EEPAfc oo endie 5 bein#z0 and 
the baſe 183, loSoten will be Fon: WIE abou: 17 cre 


+ 3 "1 
and 15 parts. Ib 2n6 le 251007 v1 


5 Having = png fait and. 2p Me Bi EY "I 


in chat bY to the content # in 4 OYPAL 
> - '* 4: > ns. . + 48 $'S ot 
As 20to chegerpeadicalar 5: $f ing poll 114 bo] 


33 zSothe baſe to the cogent in acres. 


"2 TG of ve Wncuf "Numbers kk 


IT” a3... Pa mw, ot wt oa .. 


ST Taecrm. 


i 
, 
; 


aj 1.5 And ſo'thet 
' 9.50, andthe baſeC D 45:75, thecoment 


tn oY; niaendmenſure:” : 47 
etriaygleCED \theiperpenetcularEF being 
wilt be found as 
defore tobe/abour 17 acres 15 parts. I. 
"6 Having the content cf a ſuperficies after one kind © 

of perch, to find the cqntent, of the ſame ſu- 
-  perfictes according to another bind 


"of pearch.' 


As the length of thefecond perch **f i tt 
to the length ofthe firſt perch : PEE 
So the content in acres co a fourth number; 
me and that fourth tothe content in acres required, 


'* Suppoſe thitplant'K D meaftired with a chaine of 66feer, 
or wich'a perch of 16 feet and an half, contajned 3, acres 
31 parts; and it Were demanded how many acres it would 
contain if it were meaſured wich a Chaine of 15 foot to the 
perch : cheſe kind of propeficiang are wroaughtby the, back- 
ward rule of three, ater oh ores Soi, " Where» 
fore I extend che compalles from 16.5 yngo 18.0, andthe 
cM bx doth Feaph Backed, et row $4 Faves 51 a5 
ind the from Zr. 45,40 28,84, which ſheies Ft £angent £0 
acne Too 
oC OOO) LI Q3.214 GI ICS 3 ELL : 
TIEHy 23G 233 e2ti 5 42: a3 liz 
7 HOO UEPED PZ BUST W106 ont n 
acres, ta find tha ſeale ly whichdei) 
14/14-5017: WASPHALAEEs 0 eff 1 1061 42 


: Suppdſedh eo nenjaiied} 24/atces 31> centeſmner; 
ifhanld/nbeebreetic ny adedlonfgondd di indbibe terigth 
AB would be 38 chaines and about 12 centeſmisy atid the 
bredth 4 C 6chaines and 25 centeſmes; and the content 
would be found by the third Prep. of this Chapter , to bea- 
wx cres $2 parts, whereas it ſhould be 34 acres 3 A parts.” 

here 


4s uſe of « kveaf wk” 
Whetefore 1 divide the diſtance berween 23+ 82, and 34; 
31, upon the line of zxmbers into twalequall parts then » 
ting one foot of the compalſes upon 10, my luppoſed ſcale, 
I _ the other toextend to 12 , which » the ſcale requi- 
r 


8 Having the length of the furlong to find 
the breadth of the acre. 


As the length inperches to 160. 
So 1 acretothe bredth in perches. 


Sothe leah of the furlong being 40 perches, the bredth 
an acre will hold found to be 4 perches. If che length be 50 
the bredch for one acre mult be 3. 20, the bredth. or twoar 


cres 6, 40 
Octfi the length be mecured by chaines. 


As the length inc jabs unto 10 
So x acre to his þredch in chaine meaſure. 


 Sothelebgch f the Furlong being x2 Chaines 50 Links 
chebredehfog acre will be found to be $0 ws) the ff | 
bredth for ewo _ =y ; Chaine 60 Links. 

| As 2150 age 10:(o 1 untoo. $0. 


Orif the length | be : meaſured by f foo KR 


Asthelengilitu fhib und (5560; Li 
So 1 acre —— bredch in onal ' 9: 


So the lengeh of the furlong being 792 feer,, the! breadth 


for one acre will befoundrobe 55 fs » the: bredrh for: ewo 
acrees 110 feet. e ='s jk | 
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The uſe of the line of N untbers in ſolid 
meaſure, (ach as Stone, T imber, 
and the like. 


G” 


' x. Hauingthe ſide of a (quare equall to the baſe 
2,01 of 8y fold gruen ininch meaſure to find 
6 1.1 'the length of 4 foot folid in 
© Twchmeaſire. 


x ——_ 


He fideof a ſquare equall to the baſe of a ſolid, may be 

_ found by dividing! thefpace between the length and 

redckrintotwoequall parts, as in the 7 Prop. of broad mea- 
ſure. Then | 


As the fide of the: ſquare in inches to 41.57. 
; So is 1 foot to a fourth number; 
'"' © axjdUſar fourfh%o rficlengrb ininches. 


" Soin theſolid AH: the fideof the ſquare equa!l to the 
baſs B Eben aboar25 inch; 5 parts, the length of a foot 
ſolid will be found about 2 inches 67 parts,and the length of - 
twofoot ſolid 5 inches 34 parts. 
Ag 25 45 unto-4157:fo1. counto1.6 : 
.-; and (onrei-63.anto 267. - 
(EA g 2 Ha» 


lo Timm 
2 H, aUing the fide of 4a I quare equal #8 the baſe of any ſo: 


lid grvenim foot meaſute,to find the length : 
of a foot ſolid in foot meaſure. 


»- 


As the fide of the ſquare in feerunto 3c, 


” 


So is 1 unto a fourth number; 
And chat fourth to the ktgth in foot meaſure. 


< <> $—_ 


| 
” « . ; 1 © | 
3 Havitg the treath and depth of a ſquared ſolid gi- 


wen in foot meaſure, to find the lettgth of 
Foot ſolid in foot meaſur# 


As 1 untothe bredeh' in foot meaſure 7 | 
So the Yepth 'in feet co2 fourth number; EE 
which is che content of the baſe in foot meaſure. Then 


As this fourth number unto 1 : 


So 1 unts thi lengeh ic foot meaſure. 


e 33208 £5; & 6, 3067 7 "0 
So in the ſolid A Hjthebredch being, foot 50-parts, the 
depth 1 foot So parts, the content of the baſe E C will be 
found 4 foot 50parts,and che.tength of pne foot ſolid about 


222 partsj the lerigth of twa foot; folid. abou, 444; parts 
of '1000. 18:53 dai 0 2000s bat 57t G15 


2T 


Az 1. 00 unto 2-50: ſoare 1. $4 unto 4-30, 
As 4. 50 Unto 1. 00: ſe 3. £00 UntGO, 222. = 
o 3) : 4 53g 
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4 Hqaving\the breadth and depth of «ſquaredfolid orveu 
_ in inches, ts finde the length of fp ſolid o 
in inch meaſure, IE 


As 1 fathtothe breadth in inches : 
$othe depth in inches to a fourth number; 
| - Whichis thecontent of the baſe in inches. Then 


As this fourth numberunto 1728 : 
So 1 unto the length of a foot in iach meaſure. 


So intheſolid AH, the breadth AC being 30 inches, and 
the depth AE 21 inches 60 parts,the content of the baſe EC 
will be found to be 648 inches, and the length of a foot ſo- 
lid ab: ur 2-inckes 67 parts, the length of eo foor Colid 5 
inches 34 parts. 


A: 1unto2i 6:ſo 30 unto 645; 
As 6.8 unto 1728; (o 1unto 2 67. 


Or as 12 tothe breadth in inches; | 
Sothe depth in inchesto a fourth number. 


As this fourth nomber to x 44 ; 
So 1unto the length of a foar{plidin inch meaſure. 


Sinthefalid A H,che breadth being 30 inches,thedepth 


21 Inches'6'parts, the fourth namver wiil be found tobe 54, 
and the depth of a foot ſolid 2 inches 67 parts, E 


As 12 unto 21:6 fo30 tingo'5 4. © * © 
As 54uato I 443 fo rnhw$.67. 0 © 


Gg 2 


90. Theſe off imbers | 


2 Having the ſide of aſquare equal ts the baſe of any (6: 
| lid ervenim foot meaſute.to find the = . f y ſo. 
of 8 foot ſolid in foot meaſure. 


As the fide of the ſqupre in feet RED, : SG D 
So is 1 unto a fourth number; © NN 
And that fourth eo the kigth in foot meaſure. 


Soin the ſolid 4 H, the fide of che ſquare equall to the 
baſe E C, being about 2 foot 120 parcs, the length of a foot 
{ folid will be found about 222 parts of a foot. 


--.” A4-2.420 unto 1- 008: ſo 1.000 unto 0. 471: 
and ſoare 471 unto 222. 


3 Hivitg the tredth and depth of » ſquared ſolid gi: 
wen in foot meaſure, to find the (engthof« 
Foot ſoltd 14 foot nts 


As 1 untbthe bredeh' in foot meaſure | 
So the Yepth 'in feet co fourth number; x} 
which is che content of the baſe in faot meaſure. Then 


As this fourth number unto 1 - 


So 1 unto the lengeh.in foot meaſure. © . . : ; 


e 32M £1577 E ©, 3004 I 21 05 
$o in the ſoli& A Hythe bredch being, 2 foot 50- parts , the 
depth 1 foot $0 parts, the content of the baſe E C will be 
found 4 foor 59 part#,and che.tength of one foot ſolid about 
222 parts; the lerigth of twa foot. folid. aboux, 1444; parts 


of 11000. 


As 1. counto2-50:ſoare 3. $9 unto 4-30, 
Az 4. 50 Unto I. 00: ſo i £00 Unt&0, 222. 
: © ; 4 Ha 


an 


7 tu ſquarta ſolide, - ET gx 
48 guing the breadth and depth of aſquaredſolid grVen 


in inches, to finde the length of a foot ſulid 


tn inch meaſure, 


As 1 hath tothe breadth in inches : | : 
Sothe depth in inches co a fourth number; | 
; - Whichisthecontent of the baſe in inches. Then 


As this fourth number unto 1728 : 
So 1 unto thelength of a foot in iach meaſure. 


So inthe ſolid AH, the breadth AC being 30 Inches, and 
the depth AE 21 inches 60 parts,the content of the baſe EC 
will be found to be 648 inches, and the length of a foor ſo- 
lid ab: nr 2 inckes 67 parts, the length of exo foot (olid 5 
inches 34 parts. 


A: 1ynto21 6:ſo30unto 648; 
As 6.48 unto 1728; (o 1 unto 2 67. 


Or as 12 tothe breadth in inches; . _.. 
Sothe depth in inchesto a fourth number. 


As this fourth nomber to x 44 ; 
So 1 unto the length of a foatſolidin inch meaſuce. 


Sin thefaltd A'H,he breadth being 30 inches;thedepth 
21 Inches'6 parts, thefourth namver will be found tobe 54, 
and the depth of a foot ſolid 2 inches 67 parts, - 


As 12 unto 21.6 fo39titigo'5 4. © * | 
As 54uato I 4.3 fo rnhre* 4.67, © | © 
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5 Hoving the fiat of uſyaeveequal 19the baſe of any ſold, 
ard the length thereof given in inch meaſure, 
#8 finde the content thereof: in feet, 


As 41.57 tothe fideof theſquarein inches : 
Sothe length in inches to a fourthnumber; 
and that fourth co the content in foot meaſure. 


So in the (ſolid AH, thelength A B being 183 inches, and 
the fide of the ſquareequall tothe baſe. EE about 25:inches 
45 parts, the fourth number will be found about 112, and 
the whole ſolid contentabout 68 feet 62 parts. 

_As41.57 unto 25.45: ſo 183 unt@ 112: 


. andſo are 112 unta 68. 62. 


6 Having the fide of a ſquare equal to the baſe of any ſo 
l;d,and the length thereof givenin foot meaſure, 
#0 fiade + content thereof in feet. 


As 1 to thefjde of the ſquare in foot meaſure: 
So thelength in feet toa fourth number ; 
and that fourth to the content. in foot meaſure. 


Sointhe former ſolid A 'H, the fide of the ſquare equall to 
the baſe A E,being about 2 foot 12 parts,and thelength AB 
15 foot 25 parts, the content will be found te be about 68 
foot 62 parts. | | 


As 1 unto 2.12: ſo 15.25 unto 32. 35:... .. 
and ſoare 32.35 unto 68.62. ,, . | 


| in ſquared ſolids. . 8 53 


7 Having the ſide of a ſquare equall tg the baſe of any 
ſolid grven mn inch meaſure, and the length of 
the ſoltd given in fort meaſure, to finde 
the content thereof in leet. 


As 12tothe fide of the ſquare given ininches: 
So the length in feet to a fourth number ; 
and that fourth to thecontentin foot meaſure. 


So in che former ſolid A H,the fide of che ſquare being 25 
inches 45 parts, the content will be found to be about 68 
feet 62 parts. 2 


A813 unto 25. 45:1015:25 unto32.355 * + ! 


and ſo are 33. 35umo 68.621 *<;.0 1 


ſolid gruenin inches, to finde the content 
in inches, 


$8 Having the length, breadth and dep of 6 ſquared 


—_ 


As 1 untothe breadth ininches erin 

Sothe depth in inches unto the baſe in inches. Then 
As 1 unto the baſe : I CO HUT 

So thelength in inches unto theſolid content in inches. 


So inthe ſolid A H, whoſe breadth AC js 30 inches the 
depth AE 21 inches.and. 6 parts of 10, andlepgth AB 183, 
the content of the baſe E C will be found:648 inches, and the 
whole ſolid content about 118584 inches; i 


As 1 unto 21, 6: ſoare 3ounto648: 
Az x unto 648: ſo are183 co118584, 


Gg 3 


$4 ' The uſt of the line of Numbers 


9 Having the length, breadth and depth of 4 Tyas 
redſolid gruen im inches,to find the Y 
content in feet. 


As i to the bredch ininches : 
So the depth in inches co the baſe in Inches. 


As 1728 to that baſe: 
Sothe length in inches zo the content in n feet. 


'Sointhe olid AH , the content will be found tobe about 
68 feet 62 parts. 


As 1 anto 2T. 6:ſo.30unto 648 : 
As 1728 unto 648: (0133 to 68.62. 


Oc as 12 tothe bredch in inches: 
Sothedepthin inches tO a fourth number. 


As 144to that fourth number: 
Sothe length in inches co the content in feet. 


And ſo alſo inthe ſameſolid A H, the content wi be 
found to be about 68 feet 62 parts. £ | ne 


Az 12 anto'>t.'6: ſo 30unto TR 
As 144 unto 34clo 183 unto 68. 


10 Having the Length, bred:;h and depth fs 
ſquareaſol;d Fas Fojs in feet meaſure, 
to find the content 
en fect. 


As 1 unto the bredth in foot meaſure: 


Sothe depth in feet to the baſein feet. 


As1 untothat baſes _. | 
Sothe length in feet to. the content in feet. 


. Andchus inthe formerſ{olid AtH, the bredch AC will be 
2foot 50parts, thedeprh AE 1 foot Bo parts, and thelength 
AB 15 foot 25 paits; then working as before, the content 
of the baſe 4 F will be found q feet 50 parts, and the whole 
ſolid content abour 68 foot 62 parts,which of all others may 
very cafily be tried by Arichmetique. 


As 1 unto 2:50; fo:1.30unto4, 50. 
As 1 unto 4 50:ſo 15. 25. unto 68. 62. 


11 Having thebytath and depth of «ſquared ſo. 
lid gruen in tnches,and the length in 
| foot meaſureyo find he contens.- 
thereof in feet. 


As 1unto thebredth in techie: ; 
So the depth in inches unto a fourth number - 
which is the content of the baſein inches. 


As t44hath unto that fonech number: 
So the lengrk In feet corhe content in feet: 


And ſointhe ſame ſolid A H, the content will be found to 
be about 68 feet 62 parts. 


As 1 unto 21. 6: ſo 3ounto 648. 
+ As 144 unto 15+ 25. ſo 648, unto 68, 62, 


Oc as 144 unto the bredth in inches : 
$0 the depth in inches unto a fourth number : 


which 


' "15m ſquare ſolids. S—_ 


56 T rhe ab wy the FRY Nembirs 
which is the.content of the baſe infeers2; oP 


As 1 hath unto that fourth namber's *7 ++ | 
So the length in feet co the content in a 


And.ſoin the ſameſolid AH, the content will be tound to 
be about 68 feet 62. parts.” ; 
As 144 Unto 21. 6: ſo 30 utito4. my 
- As xunto 4.50: fo 15; by unt068. 62. ; 


Oras 12 unto the bredth i in inches: * I | l 
Sothe depth i in incheeuntouteurth ——_ 


As 12 unto this Ry + 
Vo the :lengeh in feere to.the content i in feet, . 


And fo alfd in OY F [hd 4 Hehe content will be found 
to be about 68 fetr'62p 
As 12 Unto 21. 6: Lg unto M | 
As 12 unto 54:{6 15.25 unto-68, 62+. .d1 afoul 
All theſe vatieties(and ſuch like not here LOATOER do 
follow upon making of the baſe of the ſolid, to be EC; there 
would beas m aw more if any ſhall begin wiz ne baſe EH, 
and ſolikewiſeif they make the baſe to beFD. '* , : 


12: Wwolng the ianerer fu Cythnder of 
inohwaaſure,to findvhr length A Hon | 
ſol:d in raches, 


{vs 


As the diameter'in inches unto 46. gor. 
So is 1 unto a fourth number : 
and that fourth tothe kength in inches. 


SL 


' Sothediameterof a Cylinder being 15 inch» Z == 


ezthe fourth number will be abouc 3» 12,4ad chefs 
length of a foor ſolid 9 inches 78 parts, == 


As 15 unto 46. 90: ſorunte3. 127: 
andſoare3. 127 unto 9.78. 


13 Havting the diameter of « Cylinder g6- 
ven 1n foot meaſure, to find the lengeb 
of a foot ſolid in foot 
meaſure. 


As the diarneterin feer unto 1, 128: 

Sois 1 unto a fourth number; 

and that fourth to 'the lengch in foot 
meaſure. ny FEORSE ; 


; 
FL 
” 
G 


So the diameter being 1 foot 25 parts, the == 
length of a foot ſolid will be found about 8.14 parts of 1000. 


A x. 24\imeo'3. 1235fo 3: 00to ol gory» 
and (ure gorprumgro Bags! i bh 


Ts $ EW, 
33 he 


8 — —Theaſeoftheliveof Numbers | 


14 Having the circumference.of «Cylinder given 
2 uy fo find the length of.a f069t ſolid 


in mch meaſure. 


-— Athecircumferencein inches to 147. 36: 
Tis 1 to a fourth number; | 
and that fourth to thelepgth in-inches. 


1 
7 


-S0 the circumference being 47 inches 13 parts,the length 
ofa foot ſolid will be feund about ginches 74 parts. 


As 47. 13 unto 147. 36: (01.00to 3, 13, 
and ſoare 3. 13 unto 9.78. | 


1 5 Having the circumference of a Cylinder given in 
foot meaſnre, to final the length of a foot 
ſolid In foot meaſure, \ * 
i As the circumference in feet to'3. 545 : 
F Solis itoa fourth number; 
” andthatfourth to the length in foor meaſure. 
So the circumference being 3 foot 927 parts, the length 
foot ſolid will be found to be about 815 parts. | ? 
CAE 3s 927 unto 3: 545: ſo 1.000 anto ©: 90. Z* 


- and ſoareg03 unto 815, 


- 16 Having tbe ſige af 6 ſquare equall tothe baſe of « 
Cylinder, 10 find thelength of «foot ſolid, 


The fideof a ſquare equall to the circle, may be found by 
the eight: Prop. of broad' meaſure, and benehis Prop. may 
be wrought by the firſt and the ſecond Prop. of ſolid mo 

17 Hg 


hn. Si. 


:n the meaſnre of Cylinders, 59 
17 — the diameter of « Cylinder, «nd the b | 
length gruenin inches, to find the con- 


As 1. 128 untothe diameter In inches: © , 
So thelength in inches co a fourth number; 
and that fourth number to the contens in inches; 


$o the diameter being 15 inches, and the length 105 
the content of the Cylindec will be found: to bee a- 
bout 18555 inches. Na 


As 1. 12841into 15 - fo are 105 unto 1395.87; 
and ſoare 1395: 87 unto 18555. 34. 


13 Having the diamtter andlength of a Cylinder is foot ' 
meaſure, to find the content in feet. _ 


As 1.12$tothediameter in feet: 
Sache lengelgin feeveoa fourth numbery 


C 


and chat fourth{to rhe contentin feet. |. 


Sothe diameterbring 1.foot 25 parts, and the length $8 
foot and 75 parts, the content of the Cylinder will be fobnd 
about 10 foot 75 parks. REPS Bi 9 97 

+5; As 1. 128.unta 1,25: ſo 8.75 unto 9. 69: 

2; apdigare 9.09, umtg;L0. 74, .,, ... 


13 Having the diameter of 4 Eylindrr, andthe lengyp” © 
given in ierhes; ta; find the content infer. A 
*ECECS T OI; DQRs 5:50) 5:5: 
As 46. goto thediameter in inches: 
xiSoqhe length jn inches to a fourth number; 
and thac fourth to the _ in feet. 
: L ; 2 . 


ue - R a3. 4 74s - WH. 4 IL "1 # oo I — 4h 28 PR_ " L 
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So the diameter being 15 inches, and the 9% 10s, the 
content will bu'found abouc vol0en ny yourys\ As 
NE aA. 


JJ «a? 


As 46. go6 unto 15: ſg. 195 U9t0.33; 58: 
and (0 are 33. 58 unto 10. 74. 


20 Having the dramiter of FI cylinder, given in ingh- 
es and the leugth tr: feet to find the comtont + 
FT feet. 


As 3-54the dlanetitta inches - / = 
Sothelength in feet to a fourth number; = 
and that fourth to the content in feet. 


Sothe diameter being 15 iaches,and the "— 8 foot 75 
Parts, che [content will be found ao_ 10 foot 74 uw 


| As 13.54unto 15:08. 75 OTE 
and ſo are 9. 69unto 10. 74+ 


Iz Heving the Circuyifer ence and length of a Cylinder 
given in inches to find the rar 72 1mebes. 


. A$3-545 to the circumference in inclies: 
" $6 the lengrhin inches to a fourth number; 
and that fourch to the content in inches. ' 


: Fo the circumfererice being 47 inches' 13 arts , and the 
length 105 inches, _ content -wilf be _ about 185 55 


inches 
Evtl 90h ns bin ef hens ERIN 


As 95g arid6 47. wo xrog $257 > Bu b 
and {Oo are 1396 unto 1 $555 


. ” rey - Y # 
- 3< DIA "cry = of # 
© + 
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22 Having the carcurterente and length of a cylinder 
given 1m inches, to find the content in feet. 


As 147. 36 tothe circumference in inches : 
:. So the lengthin inches co a fourth number 
and chat fourth the content in feet. © 


So the circumference being 47 inches 13 parts, and the 
length 105 inches, the content will be found about 10 foor 


74 parts. 


As 14 7.36 unto 47. 13: ſo 105 unio 33. 58: 
and ſoare 33. 5S unto 10. 74. 


23 Haying i 8 circumference and length of a Cylinder 
©*-ofven in foot meaſure, to find the con-" 
tent in feet, 


' Asthe 3. $45 tothe circvmferencein feet : | 
So thelength in feet to a fourth number; 
and that fourth tothe content in feet. ' 


So the circumference being 3 foot 927 parts , and the 
length $ foot 75 parts,the content wil be found tobe 10 foot 
74. parts. 1. ,=% I +BY 4V0VT ATT, BER 

hilt SPIE! 
As 3.545 unto 3. 927:f08. 75 unto 9. 69. 
and (0 are 9.69unt0 19. 74. © # : 


"F 


: 34 Having the ciremnſerence of a Cylinder given iuil+r 
inches and the length in foot meaſure, tofhd' * * 
the content in feets. = 


in the meafare of Cylinders, ”"M | 


4, = 


62 in gauging of veſſ: eb. 
o | | 
As 42-54. tO the circumference in inches: 
So the lengeh in feet coa fourch number; 
and that fourth to the content in feet. 


So the circumference being 47 inches 13 parts, aud the 
length 8 foot 75 parts, the content will be found as before 
50 foot 74 parts. 


As 42.54 untO 47. 13: ſo 8.75 unto 9. 69: 
and ſo are 9. 69. unto 10. 74. 


CHAP. IIII. 


T he uſe of the line 0 f Numbers in geuge- 4 
ing of veſſell.. 


: fm veſſels which are here meaſured areſuppoſed to be 
Cylinders, or reduced unto- cylinders, by taking: the 
mean between the diameter at the headand the diameter at 
the bongue,afcer the uſuall manner. 


1 Having the diameter and the | ength of a veſſel! 3 
with the content thereof to find 2192 1.0 2h 
 thegauge point, | 
3:70 MATE ©D »5 "RO .= | Op 2 of 14 
Extend the compaſles ia; the line of Nambers co . half 
the diſtance between the content and the length of che 


velleV/a; the-ſathe extent will eoach frowrhbdiamectr to che 


Z 


* . 
gauge PO, . VN" 109) vo thqay ett bd; 


. 133 De FEE he? = 
-» I pac this propoticion fickt, becauſe theſe kind of meaſures 
"yp -are not alike in all places. 
=” Here 


Ht 


T he uſe of the line of Numbers in gauging. 5) 

Here at London it is ſaid that a wine veſſel being 66 inche 
es in lengib,and 38 inches the diameter,would contain 324 
gallons,whicliit ic be true,we may divide the ſpace between 
324 and 66 int's cwo equall parts, and the middle will fall 
about 146, and the ſame extent which reacheth from 324 
t0146, will reach fromthe diameter 33 unto 17. 15 the 
gauge point for a gallon of wine or oyle ater London mea = 
ſure. 

The like reaſon holdeth for thelike meaſurein all other 
places. 


2 Hating the mean diameter nd the length 
of a veſſel! to find the 
content. 


Extend the compaſles from the gauge point to the mean 
diameter, the ſame extent being doubled, ſhall give the di- 
ſtance from the length tothe content. 

Sothe mean diameter ofa wine veſſel! being 20 inches, 
and the length 25 inches, the content will be found tobe 34 
gallons after London meaſure. 

For extend the compaſſes from 17. i5.unto 20, theſame 
extent will reach from 25 unto 29. 15, and frem 29; 15 un» 
to 34- | 

inlike manner if the mean diameter were 16 inches, and 
the length'23, the content will be found to be about 20 
gallons. 

For the ſame extent which reacheth back from 17. 15 
unto 16, will reach from 23 to 21.45, and from 21. 45 
unto 20. . 

. Sothat if the mean diameter ſball be 17 inches and 15 
centeſmes or parts of 100,the number of inches in the length 
efthe veſſel], will give the number of gallons contained in 
the ſame veſſell:if the diameter ſhall be more or leſſe then 17. 
15, the content in gallons will be accordingly more or lefſe 
then the length in inches. 

3 Has 
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3 Having the diamtter and conttut,*0 fd © 
the length. 


Extend the compaſſes from the diameter to the gauge 
point, the ſame extent being doybled ſhall give the diſtance 
from the content tothe length of the veſlell. 

So the gauge point ſtanding as before, if the diameter be 
33 inches, and the content 324 gallons wine meaſure, the 
length of the veſſels will be found abour 66 inches. 


\ 


4 Having the length of a veſſel and the 
content, to find the 
diameter. 


Extend the compaſles to half the diſtance between the 
length and the content, the ſame extent ſhall reach from the 
gauge point to the diameter. Ft 

So the length being 66 inches, and the content 324 gal- 
lons wine meaſure, the gauge pointſtanding as before, the 
diameter of the veffell will be found to be about 38 inches, 


H 


C HAP. 
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-83:@rthrſhadow being 20, and the gnomon 9, the.alticude 


wr. 15:18. As] fhowed before Pag. 24 


eg). 
j APP 


v . 
S214 31.4 


"CHAP. V, 


Containing ſuch Aſitenomicall propoſitions as 
are of ordmary uſe in the prattiſe 
of XN arvigation. 


1 Tofind the altitude of the Suzne by the ſhadewes 
of 4 gnomon ſct perpendicular to 
theborizon. '' 


As the parts of the ſhadow 
arecothe parts ofthegnomon:., 
So the tangeat of 45 gr. 
£0 the tangen: of che altitude. 


Extend the compaſles'in the lineof Nambers, from the 
partsof theſhadow ro the parts of the gnomon; the (ame ex- 
rent will give the diftance fromehe Tangent of 45 gr. to the 
Tangent of the Sunnes alticgde. 

So the gnomon being 36, and the ſhadow 27, the altitude 
will be found tobe'36:gr.52m. 'Octhe gnaomoa being 27, 
and the ſhadow 36, the alticude will be found:ro be 53 gr. 


withbefoundrabe 24gr. 14m. as inthe cight Prop.of che uſe 
of the Tangent line. Pag. 12. 
IIfthe gnomerbe22andthefſhadow 135 the altitude is 9 


2 Having the diflance of be Samos, from the next 
equinoitall pore; 16 find his declination. © 


As the Radius is in proportion 
Ii to 
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- tothe fine of che Sunnes greateſt declination : 


| Sothe fine of the Sunnes diſtance from the next equie 


noQiall point, ' ©. 
to the fine of the declination required. 


Extend the compaſſes in the line of ſees, | from 90 gr. to 23 
gr- 30 m- the ſame extenc will give the diſtance from the Sunz 
place unto his declination. _.... * — . 

| So the Sunne being eitherin 29gr-ofS, or 1 gr. of 2x, or 
T gr. of 1, or 29 gr. of M1, that is 59 gr. diſtant from the next 
equinoQiall point, the declination will be found about 20 gr. 

If the Sunne be ſonear che equinoRiall-point, that his de: 
clination fall to be under 1 gr-ic may befound by che line of 
numbers. As if the Sunne were in 2gr. 5 m. of of Y, that is 


125m. from the equinoQiall poinr, the former extenc of the 


compaſſes from the fine of 90 gr. tothe fine of 23 gr. 30 m, 
will reach in the line of 2#mbers from 125 unto 59, which 
fhews the declination to be about 50 m. | 


2 Haring the l:1itude of the place, and the declins- 
tion of the $ wn, to find the time of the 
; Suns riſing and ſeitine, 


As the cotangent of the latitude 
to the tangent of che Suns declination: 
So is the Radius - | | 
co the fine of the - afcentionall:differerice between the 
hourof 6, and the time ofche Suns rifing or ſetting. 
£12 "3880 ? x 
Extend che compaſſes from the: tangent of the comple- 
ment of the latitade, to the tangent of che declination : the 
ſame extent will reach from the fine of go gegr. to the fine of 
the aſcentionall Aifference. oh oo 
Oc extend che compalſes from the:corangent of the lati- 
tude tothe lice of 90 gr. the ſame extent will reach from 
RN | , the 
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the tangent of the: declination, to the' fine of che bſcentior 
| gall difference. | Hof?) 
- Sothe latitude being 51 gr. 30 m. Northward , and the 
+ © geclination. 20gr- the difference of aſcention will be found 
to be 27 gr- 14. Whieh reſolved. into houres and minutes, 
doth give 1 hourand almoſt 49 m. for the diffecence between 
the Suns rifing or ſetting, and che hour of 6, according to 


the time of the year. 


4 Having the latitude of the place, and the diflance 
of the Sun, from the next equind#;al porntto 
firid his amplitude, ' © © 


As the cofine of the latitude 
to the fine ofthe Sunnes greateſtdeclination : 
So the fine of the place of the Sin, : 
tothe fine of the amplitude, - 


So the latitude being 51 degrees 30 minutes, and the place 

of cthe*Surmein 1 degree of :2;,thatis 59 degrees diſtant from* 
the next equinoQiall point, the amplicude will be found a+ 
bout 33 degrees 20 M. For extend the compaſſes intheline of 2 
fines, from 38 degrees 30m. the fine of the complement of the 
latitude, unto 23 degrees 30m. the fine of the Sunnes greateſt 
declination; the ſameextent will reach frem 59 degrees unto: 
33 4egr. 20m. Or extend themfrom 38 degrees 30 mix. unto: 

degrees; the Came'extent will reach from 23 gr. 30 . unto 
33 br. 2011, a8 before. 


5s Having the latitude of the place, and the declj- 
v,, ation of the Sun, to find his amplitude, 
As the cofitie of thelatitade - 
is to the Radius? © 


So the fine of the declination, 
to the fineof the amplitude. 
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6% Theuſeofthalines of $ines and Tangents, - 

- Extend the compaſſes fromthe cofine' of the latitude to 
the fine of 90 gr.the ſame extent will reach from the fige of th 
Sunnes declination toche figeof the amplitude. | 

Or extend them from the tangent of the latitude to the fie 

; of the declination, the ſame extent will: reach from the fare 
bs Gf 90 gr. to the five of the amwplicade. . © - 
: So the latitude bei ng 51.gr. 30 m-and the declination 20 
zr. the amplitude will be found to be 33 gr. 20 x. 


6 Hingthelatituge of the place. aud the declination 
of she. Sun to find the time when the Sun. 
cometh to be dus Eaſt or Weſt 


As the tanyentof the latitude, 

is cothetafhgent ofthe declination: 
So the Radins 1h x} 
» .tothe cofine of the hour from the meridian. 


Extend thecompaſſes from the tangent of the laticude 
tothe tangent of the declination, theſamecxtens will reach 
from the line of 90 gr- © the line of che complement of the 
hour. ; - ; : 

Or extend them fromthe tangent: of the latitude co the 
fine of 90gr; the ſame extent will. reach from the ran- 
gent of the declination to the fine of-che complement. of the 
hour. .- 8c im? | | 

_ Sothelatitude being51 gr- 30m. and the. declination 20 
gr- the Surne will be 73 gr. 10 »: that is 4 heuces, and 
53 m. from the meridian, whep he cometh co be in the Eaſt or 

elk. | ate ; 


» Having the latitude of the place, and the decli. 
zation of the Sunne, to find what altitude the 
Sun fhall have, when he cometh ro be © 


ane Eaſt or weft. 
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As the fineof the latitude. ; 
is tothe fine of the declination: 
So the Radius | 
to the fine of the altitude. 


Extend the compaſſes in the line of Sizes from the latitude 
tO the fine of the declination,the ſame extent will reach from 
the fine of 90gr- to the fine of the altitude. 

Or extend them from the fine of the latitude eo the fine of 
90 gr; the ſame extent will ceach from the fine of the declina» 
tion tothe fine of the altitade. 

- So thelaticude being 51 gr.30m. and thedeclination 20gr. 
the alticude will be found about 25 gr. 55 m. 


' $ Having the latitude of the place, and the declina- 
tion of the Sunne, to find what althtude 
. the Sunn ſhall bave at the 
_. hour of ſix. 


As the Radiusis in proportion 

co the fine of the Suns declination: 
So the fine of the latitude, 

to the fineof the altitude. 


"" Extend the compaſles in theline of Sizes, from 90 gr. £0 
the declinationzthe ſame extent will reach from the laticude 
tothe altitude. 

Or extend them from 90 gr. tothelatitude, the fame ex- 
tent will hold from the declination to the alticude. 

So the latitude being 51-gr. 30m. and the declination of 
the Sunn 20 gr. the altitudesf the Sunn will be found t@ be a» 


boat 15 gr. 30. 
| Ti 3 | 9 Hi. 
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9 The uſe of the lines of S7nes and Taugents, 


s Having the [atitude of the place, arid the declonidhion 
of the Sun, to find what Azimuth the Su : 
ſhalt have at the hour of ſix. 


Ai the coſine of che latitude 
isto the Radius: 

So the cotangent of the Suns declination, 

- tothe tangent of the Azimuth from the North part 

'. of che meridian, $7 oo 
E: Sothelaticude being 51 gr- 30m, and the declination 20 
'Y gr- the Azimuth will be found, co be 77 gr. 14m. For extend 
3 the compaſles in the line of fines, from 38 gr. 30 m. togo yr. 
che @me:extoþc will rezth.from the tangent of 70 gr. to the 


tangent of 77 .g5 14m. :...* .., 


Lo Having the latitude of tht place, andthe declina- 
 tlew of the San, and the altitude of the Sup, 


zo fing the Azimathe, ,— , 


Fic confider the declination of che San , whether it be 
toward the North or the South , fo have. you his diffance 
from your pole: then adde this dittance, thecomplement of - 
his alitade, andche complement pf your latitude, all chree . 
togetherzand from halfthe ſumaeſubiraQthediltance from 
the pole, and note the difference. ZE 


1 AstheRadius is in proportion . ., poae yore Q 

> © -eithecofineefchealtitude:.. | ( 
- -- $@ the cofige of che latizude,, ,.. - CE ITE > - 
eo a fourth fine. * EST | hi 

2 As this fourth fine | | of 


is cothe fine of che half ſumme : 
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$o the fine of the difference, | 
eo a ſeventh fine. 


Then find a- mean proportionall between this ſeventh 
fine andthe Radins, this mean ſhall bethe fine of the com- 
plement of half the Azimath from the North part ofthe me- 
ridian. > I 


Suppoſe the declination of the Sun being known by the 
timeoftheyear to be 20 degrees Southward) the altitude 
above the horizon found by obſervation 12 degrees, and. the 
Irtitude Northwards.51 degrees,30 m. it were required to find 
the Azimuch. | nt 


The declination is Southward, and therefore the diftance 
from the pole 110 degrees ;z then turning the alticude and la» 
"titude unto their complements,I add them all three together 
and from half the ſumme ſubitra& the diftance : from the 
pole, noting the difference afcer this manner. 


Declin. South 20 gr.o w. The diſtance LlOgr. Om. 
Alticude I2 © Thecomplement #575 ©. 
7 Latitude N. 51.30 The complement 33 30. 
| The ſumme of a!l three 226 30 + 
| The half ſumme 113 15 
Xe The difference 3 .15 


| This done, I come tothe S:affe, and extend the compaſles 
| from thefine of 90gr. tothe fineof 78 gr. and find the ſame 
extent to reach from the fine of 38 gr. 30m. unto 37 gr; 30m. 
Qrifl extend them from go gr. £038 gr. 30m the ſame extent 
doth reach from 78 gr. unto 37 gr-39 a9 Which is the fourth 
| lnerequiced. = R:a40dT 

Then extend the compaſles again, from this fourth fine 
of 37 gr«30 1(/unto the fine of the half ſumme 113 gr. 15 m. 
an Qo. | that 


= 
o 


z T 
that is to the fine of 66 gr 45+" (for wfter 90gr. the fine of F. 
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80 gr. doth ftand fora fine of 100 gr' nt the ime - of 70 yr. 
for afine of 100gr.) and ſo the relt for thoſe which are their 

rheic complemearsto 139 gr.) and this ſecond extent doth 

reach from celine of the diffe-ence3 gr. 15m. to the fine of 
4gr. 4. Oc if Iexeend'them:fcom the fourth fineof 37 gr.30 
m. tothe finc of thedifference 3 gr. 15 m. the ſame extearwill 

reach from the line of che half ſumme 113 gr. 35 #1. unto 4 gr. 

54 m. which 1s the ({eventh fine required. 

Lafily,1dividethe ſpace between this ſeventh fine ef 4 gr. 
54m. and the fine of 90 gr. imo 2wo equall parts, andi find 
the mean;iproportionall fine ro fatlon 17- pr. whoſe 
mentis 73 gr; the doubleof 73 gr. is 146 gr. andſuch 3s the 
Azimuth required. | | 

Orhaving found the feyenth fine to be 4 gr. 54 #- I'might 
look over agaitift it, in the line of verſed fires , and-there 1 
ſhoald find 146 gr. far the aziemith from the North part'sf 
the theridian; and che complement of 146 gr. to a fernicty 
<le being 34 gr: will give the azimuth fromthe Sonth parted 
the meridian. , 

Bar iF it were required to find he azimitth in the ſamelati. 
tude of 51. gy. 30. Northward, with the Came alcicude of 12. 
gr.ahd like declination of 26 gr. tothe Northwatd, it would 

\ befound4o be only 72gr.'52 m. theugh themanner of work 
- "betheſame as before. 


| Dectin. North 290gr. om. The diftance is 70 gr. On 


_ Alticude 12 ©, ,Thecomplement78 © 
Latitad, North $1 30'- © Thecomplemenc'28 . 3b 
The ſumneofullthree T9656 30 
POO ECT vos 

The difference a. 


Here as the Radius ito the fige of 78 gr; Cothefine of 38 
; gr- 30 


vs 


F* « Thenfe of the line of Jines in Aftronemit, © 1 


.z0 m.to the fine of 37 gr. 30 m. which is. rth ſine 
4 « HIOEIR = bag gr-3 8s the fourth fine, 
-- Then xy _—_ line of 37 gr. 30m. isto the fine of 93- 
-1<m: {o the fineof 23 gr. 15 m.co the fi: . 
Sic in the ſeventh _— ; ao ” " 
The half way between this ſeventh fine and the fine of 90 
gr.doth fall at 53 gr. 34 mz. whoſe complement 18.36 gr. 26 m. 
andthe doubleof that is 72gr. 52 m. the Azimuth required: 
Oc I may finde this ſame Azimuth in the line of verſed finer, 
over againſt the ſeventh fine of 40gr. 20 mw. 


11 Having the latitude of the Place,the declination of 
the Sun, and the altitude of the Sun, to finds 
the boure of the day. . 


Adde the complementof the Sunnes altitude, and the 
diftance of the Sunne from the pole, and the complement of 


your laticude, all threetogether , and from half the ſumme 


ſabtra the complement of che alticude, and note the dif + 
ference. 
1 Asthe Radius is in proportion 
tothe ſine of the Suns diftance from thepole, 
So the ſtneof the complement of the laticude, 
co a fourth ſine. ns 
2 Asthis fourth fine 
is co the fine of the half ſum: 
_ So theineof the difference 
_ 2... toa ſeventh fine. | 
The mean proportionall between this ſeventh fine and 
the fine of 90 gr. will be the fine of the complement of half 
the houre from the meridian. 
Thus jn our latitude of <1. gr. 30 ms. the declination of the 
Sunne being 29 gr. Northward, and the altitude 12 gr. 1 
might fintte the Sun tobe 95 gr. 52 m. from the meridian. 


Altitude 12 gr. Om. Thecomplement is 78 gr. 0m. 


Kk De- 
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Declin. North" 20 o thedift. from thepvle 70 © 


Latitude 51 30 thecomplement is 38 30. 
| Thefutmme of all three 186 30 
The half ſumme 93. 15 
The difference > #%:: 0 


Here asthe Radius,is to the line of 70 gr. 
So the fine of 38 gr. 30 m. to thelineof 35 gr. 48 m. 
As this fine of 35 gr. 48. mis to the fine of 93 gr. 15 ms. 
© Sothe fine of 15 gr. 15 mn, to the fine of 26 gr. 40 m. 
The half way berween this ſeventh fine of 26 gr. 40m,and 


the fine of 90 gr. doth fall at 42 gr. 4 m, whoſe complemeat is 
47 gr. 56 m.angl the double of that,95 gr. 52m. which con- 
verted into houres, doth give 6 houres and almoſt 24 m.from 
the meridian. | * 
OrcImight find theſe 95 gr. 52 m. inthe line of verſed finer, 
over againit the ſeventh fine of 26 gr. 40 m. . 


12 Having the azimuth, the Suns altitude, and the "ol 
declination, to find the hour of the day, 


' Asthecoline of the declination 
is tothe fine of the azimuth : 
So the coſine of the alticude 
tothe fine of the hovr. 


Thus the declination being 20gr.Southward,the altitude 
12gr-and the azimuth found by the tenth Prop 146 gr. I might 
finde the time to be 35 gr. 36 m. that is 2 houres 22 #7. from 
the meridian. | 


13 Having the hour of the day, the Sans altitude 
and the declination to find the azimuth. 


As the cofine of the alticude 
1s tO the fine of the hour: 
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The uſe of the kexerof $ine1 aud. Tangents, - 75 
'$othe cofineof thedeclination, | 
: tocheline of the azimach. 


Sothe altitude of the Sun being 12 gr. and the declination 
20gr- Southward, and the angle of the houre 35 gr- 36 ml 
ſhould find the azimuck co be 3, gr. And (oit is it ic be rec- 
koned from the South 3 but 146 gr. if it be caken from the 
North part of the meridian. 


14 Having the diF ance of the Sun rom the next equi- ; 
not ral point, to find his right aſcenſion. 


- As the Radins 
to the cofine of che greateſtdeclination : 
| Sothetangent of thediſtance, 
tothetangent of the righc aſceafion. 


Sothe Sun being in the firſt degree of -;, that is 59 gr. di- 
ſtant from the nexc equinoRiall point, and the greateſt de- 
clination 23 gr. 338. the right aſcenſion will be foung cobe 

'56gr. 50m. ſhort of the beginning of Y, and therefore 303 


£7: 1.499: 


15 Having the declination of the Sun, to finde 
hi right aſcention. : 


As the tangent of the greateſt declination. 
isto che tangent of the declination given: 
So the Raduus 
co the ſine of the right aſcenſion. | 
So the greateſt declination being 23 gr. 3o mz. and the de- 
clination of the Sun given 20 gr. the right aſcenſion will be 
found about 56 gr. 5 0 m. 


16 Having the longithde and latitude of s ftarre 
To finde the right aſcenſion of that flarre, 
37, To fine the declination of that frarre, 
2 


The 
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76 Th Theuſe of the lene of lines * 

Theftarres haveliccle or none alteration in their latitude, 
in their longitude they move forward, about, 1 gr. 25 m. in 
an hundred years. Theſe being known, 


As the Radias 
to the fine of the ſtars longitude fromthe 
next equinoCiall point : 

So the cotangent of che [tarres latieude 
to the tangent of a fourth ark. 


Compare this fourch ark , with the ack of diſtance be- 
evcen the poles of the world and of the ecliptique. If the 
longicude and latitude of the ſtarre be both a like, as when 
the longitude falleth ro be among the Norcherne fines Y > 
= 5 Mn, and the latitude is North from che ecliprique: or 
the longitude among the Southern fignes 2: mM p yp 3X, and 
the latitude Souchward , then ſhall. che difference berween 
this fourth aik and the diflance of poles, be your fifth 


ark, | 
ButYf the longitude and laticude ſhall be unlike, as the 

longitude in a Northerne ſigne,and the laticude South,or the 

Longitudein a Southern finc,and the latitude Norch,then add 


chis fourth ark tothe diſtance of bath poles 9 the ſumme of 
both ſhall be your fifth ark. And | 


As the fine of the fourth ark : 
tothe fine of the fifth ark, 
So the tangent of the ſtarres longitude 
tothe tangent of che ſtarres right aſcention, 
from the next equinoRiall point. , 


As the cofine of the fourth ark 
co the ccfine of the fifth ark, 
So the fine of the ftarres latitude, 
to the fine of the ſtarres declination. 


Then for proofe ofthe work , if there be no former ercour, 
the proportion will hold. ; 
As 


'u Aftroneny. 


As the Cofine of thelaticude 

to the Cofine of the right aſcentioa : 
Sothe Cc fine of the declination 

co the Cofine of the longitude. 


For example, take the upper of the two former ſtarres 
in the ſquare of the little Beare, which ſea-men call the 
Former Guard. This in the year 1655, will be in 7 degr. 
53 m. of N, and ſohis longitude from the beginning of = 
52 degr.7 m. Bat his latitude is till the ſame 72 gr. 51 m- 
Northwards. Wherefore | 


As the fine of 90 gr. ito thefine of 52 gr. 22 mm, 
So the cotangent of 72 gr. 51 m. 
to the tangent of 13 gr. 44 m. 


Which is the fourth ark. Then becauſe the Iongitude 
and latitude are both Northward, the difference between 
this fourth ark and 23 gr.31 m. the diſtance of both poles will 
give you 9 gr- 47 m, forthe fifth ark. And 


As the fine of 13 gr. 44 m- 
to the fineof 9 gr. 47 m- 
Sothe tangent of 52 gr. 22 m1 
to the tangent of 42 gr- 56 mm. 


Which is the right aſcention ef this ftarre, from the be» 
ginning of = but 222 gr. 56 m. from the beginning of y. 


As the cofineof 13 gr. 44 m. 
| tothe coſine of 9 gr. 47 m. 
So the fine of 72gr. 51 m. 
to the fine of 75 gr. 46m. 


. Which is the declination of this ſtarrefrom the zquator. 


As the cofine of 72 gr. 51 m. 


k 3 "ud 


7 The uſe of the wes of fines and tangents 
tothe cofine of 42 gr. 56 m. 

So the coſine of 75 gr. 46 me 
tothe cofine of 52 gre7 me. 

Which agreeing {o well with the:longitade of the fiarre 
propoſed is a good procf, that the right aſcenſion and decli» 
nation were truly found. 

Thefe are ſuch Aftronomicall propofirions as I take to be 
uſcfull for Sea: men. For the firſt and ſecond willhelp theux 
ro fad theirlatirude; the third eo find the Sunezifang and 


fettingy the 4.56.7. 8' 9.10. 13. Prop. to find the variation of 


thefrcompaſſe; the 11 and 12 Prop. to find the hour of che 
day; and the reft toward the finding of the houre of the 
night. For having the latitude of the place , with the decli- 
nation and altitude Of any ſtarre, they may find the hou of 
the ſtarre from the meridian, as inthe 11 Prop. Then come 
paring the right aſcenfion of the ſtarre with theright aſcen- 
fion of the Sunne, they may have the hour of the night. 

All theſe propofitions and ſuck others may be wrought 
alfo by the tablet of fmes and tangents. For where foure nums 
bers do hold in proportion ; a#theficitrothe ſecond, fo the 
third to the fourth; there if we' multiply: che fceand: inte 
the third, and divide the produ& by the firſt the quotient 
will give the fourth required. Azin the example of the 15 
Prop. where the declination being;given, it was required co 
find theright aſcenfion. The'Tangentof 20 gr. the declina- 
tion given is 3639702, whizh' being raukiplicd. by the Ri 

 dius, the produQis 36397020000000, andthis divided by 
4345124 rhe tangent of 23 gr- 30 m-« the quotiend/ is 
370743 the fine of 56 gr. 50 m. for the uight aſcenſion 
required. 

Ocifany will uſe my tables of artificial! fines and rapgiotr 
they may adde the ſecond and: third. together, and from 
the ſumme ſubtra& the firſt , the-remainder. will give;the 
fourth required. And ſo my tangent of 20 gr-is 9561, 0658, 
which being addedto the Radius, makes 19561. 0658. from 
this ifthey ſubtra& 568.3019 the tangentof 23 gr: mo 

|  , they 
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" they ſhall find theremainder tobe 9922. 7639, which in my 
Cavern isthe fine of 56gr. 49 1m. 56 ſeconds; & ſuch is the righc 
aſcenfion required, if ic be reckoned from the next. equino- 
Riall point. : 

Thelike reaſon holdeth for all other Alironomicall: pro- 
poficions,as L will farther ſhew by thoſe rwoex 1mples which 
{gave before for the finding of the azimuth in the 10 Prop be- 
caulethey are thought oo be harder chen the reft, and re- 


quirethree operations. 
Ia the firſt example. 

Declin. Soath- 20 gr. 041. The diſtance L110 gy. Om. 

Altitude 12 O thecomplement 78 o©o 

Laticade Nor. 51 Jo thecomplement 38 30 
The ſumme of all three 2:6 30 
The half ſa1inme 113 15 
The difference 3 15 


Thefirſt operation will be to fiad the fourth fine; and 
that is done by adding the fine of the complement of the al» 
titude tothe fine of the complement of .the lacitude, and 
ſabrrating the Radius: ſo adding 9990. 4044 the fine of 78 
gr. unto 9794-1455 the fine of 33 gr. 30 m. the fumme will be 
19782- 5539. And che Radius being ſubtrated, the remain- 
ter 9754- 5539 isthe fourth fine, and belongeth co 37 gr. 
30 9. 

The ſecond operation will be to find the ſeventh fine; and 
that is done by adding the fine of the half ſurame to the 
fne of che difference, and ſubtrafting the fourth fine. So 
the half ſfumme being 113 gr. 15 me. I take bis complement 
toa ſeraicircle, and ſo find his fine to be 9963 21658, to which 
Iadde $753: 5278, the fine of thedifference 3 gr. 15 mz and 
theſurnme i$18716. 7446. From this I take the fourth fine 
978445539, ard the remainder will be 8932 1907, which is 
the ſeventh fine, and belongeth te 4 gr. 54m. 
| Thkethirdoperation will be to find the mean -proportio» 

nall fine between the ſeventh fine and the Radius. This in 
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"Thenſbof the knee 


common Acithmeriqueis done by mulciplying the ewo- ex. k | 


cremes, 'and taking the ſquareroot of the produR; :Asin 
finding a mean proportionall between 4aud-9, we multi. 
ply 4 into 9, andthe produ@ is 36, whoſe ſquare root is 6,the 
mean proportionall between 4 and 9. Bat here it is dove by 
adding the fine and the Radius,and caking the halfofthem, 
So the ſumme of thelaſt ſeventh fine and the Radins is 18932 
1907 and the half of that 9466. 0953,which is che mean pro- 
portiona'l fine required, and belong:th to 17 gr. whoſe com> 
plement is 73 gr. and che double of that 146 gr- the ſame Azi- 
muth as before. 


In the ſecond example. 
Declin.North 20 gr.o w. The diſtance TO gr. Om, 
Alticude 12 o© Thecomplement 78 0© 
LatitudeN. 51 30 The complement 23- 30 
| Theſumme of all three 186 30 
The half ſumme 93 15 
The difference 23 15 


The ficſt operation will be to find the fourth fine; and that 

is here 9784. 5539,as in the former example. 

he ſecond operation will be to fiad the ſeventh fine; and 
ſo herethe fine of the hatf ſamme 93 gr. 15 m:. being the lame 
with the fine of 86 gr 45 m. his complement co 180 gr.l find | 
ieto be 9999. 3009, to which I adde 9596. 3153 the fine of 
the difference 23 gr. 15 m.and the ſuinme is 19595+,6162.From 
this Itake the fourth fine 9784. 5539, and theremainder will 
be 9811. 0623 for the ſeventh fine, and belongeth to 4 gr- 
20 mM. 

The third operation will be to find the mean propor- 
tionall fine berween the ſeventh fige and the Radius. And ſo 
here the Radius being added tothe ſeventh fine, the (amme 
will be 19811. 0623, and the half of that 9905. 5311, 
doth givethe mean proportionall fine belonging to about 

: 1. 99 


1 15 wItengants in A fironeomie. Sr 

gr. 34 m» whoſe complement iv 36 gr. 26 m. & the double of 

that 72 gro521m-the ſame Azimuch-as before. 

| Thaveſetdown theſe three examples thus particularly, 

Shat.l might ſhew the agreement between the Sraffe and the 

* Canin. Batotherwiſe I might deliver both the precept and 
the work,for the two laſt, more compendiouſly.For generally 
in all ſphericall —_— where chree ſides are known, and 
an angle required, make that fide which is oppoſite tothe an- 
gle required,tobe the baſe; and gather theſamythe half ſum, 
and the difference as before. | 


As the re&angle contained under the fines of thefides, 
is tothe ſquare of the wholefine - 
So the re&angle contained under the fines of the half 
ſumme and the difference, 
co the ſquare of the cofine of half the angle. 


Then forthe work, we may for the moſt part leave our 
the two laſt figures; and if chey be abour 50, put an unicie to 
the fixc place,after this manner. | 


The ſecond example. 
| 7O gr. om a L| ; 
| 78 © -* gggoſqo; 
EE 33 3JY_ 9799 
| g 19784i58 |... 
93 i5 999930} _. 
23 r5 -L1-1-) - a __ 


20000100 : : 
. \ 39595162, © 
0 | Y 19811]07 \ ; 
, 36 26 *. 9905153 * 53g 34m. 
bk 72 52 iy 5Y 107 $ 


 Orfor ſuch numbers as are tobe ſubtracted, I may take 
832 ev 2530795 501] VCO 099 eOIPNCIIUG OO them \ 14 
* #n«{q \ 


4 


$1 _ Theaſtof thelinetof Sines and Tangens, 
the mout of the Radius, and write down-the refidue, and 

then add them together with the reſt. As in the ſame (e- 
cond example, the fines of 78 gr. and of 38 gr. 30 «s. being 
the numbers to be ſubtrattedy if I rake 9990. 4044 the 
fine of 78 gr. out of the Radius 10000. 0000, the refidae * 
is 9. 5956: andſothe relidueof 9794 1495' is 205. 8505. 
Wherefore inflead of ſubtraQing thoſe fines, I may add thele 
refidues after this manner. 

Ogr. 'om 
£ 38_ 30 205185 

186 20 

#3 . 9999130 _ 

RL --» 

1981 1|06 

36 26 ggogi53 53 87. 34m 

72 52 4 38 
Having theſe meanes to find the Sunnes azimuth, we may 

compare it with the magneticall azimuth , and ſo findthe 
variation of the needle. 
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j17, 34/0 O74 5 54 
| T9 15173 __205 55 


8178 12172 325 40! 
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The uſe of the lines of ines and tangents, 'g3 

llel co the horizon; 4 the point whereon the Sun $ 
m us,A7 che North point of the magneticall nee- 
eangle AZM he magneticall Azimuth. If we find 
azimuth as before, tobe 72 gr. 52m. from the 
North to the Weltward,we may al'ow ſo many dezrees from 
AantoN, and ſo we have thetrac North pIinct of the meri» 
dian,and conſequently the Eft, South , and Weſt points of 
the horizon; and che diſtance between N and 4 ſhall be the 
variation of the needle. So chat if the magneticall Azimuth 
AZM, ſhall be$4 gr. 7, m. and the Suns azimuth AZN 72 gr. 
52 9. then. mutt NZ the diff:rence between the two- meri» 
dians, give the variationtobe 11 gr. 15 w. as Mr, Bourough 
found ic by his obſervations at Limboxſe in the 
But if the magneticall azimuth Z 4Z (hall be 79 
gr-7 m. and the Suns azimath AZN 72 pr. 52 m. then ſhall 
the variation NZA be only 6gr- 15 m1. as I have ſometimes 
found it of late. Hereupon I enquired after the place where 
Mr. Bozroughobſerved, and went to Limebozſe with ſome of 
wy friends, and took with us a quadrant ef 3 foor ſemidia- 
merer,and;two needles, the one above 6 inches,and the other 
10 inches long, where I nadethe ſemidiameter of m y hori. 
- zontall/p'ane AZ 12 inches: and toward night the 13 of Jane 
made obſervation in ſeverail parts of the ground;and 
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34 _ .  Taxgentsin Navigation 
CHAP. VI. 


Containing ſuch nanticall queſlions, as are [© 
of ordinarie uſe, concerning longituae, 


latitude, Rumb, and diftarce. 


1 To keep an «count of the ſhips way, 


MT He way that the ſhip maketh, may be known 
.to.anold ſea-man by experience, by others ic 
may be foynd for fome ſmall proportion of time, 
_ either by theloggeline, orby the diltance of two | 
known mackes on the ſhips fide. ; | 
Thetime in which ic maketh this way may be 
meaſured by a watch,or by a glaffſe,orby the pulſe | 
or by repeating a certain nun ber of words, Then 
as long as the wind-continueth attheſame ſtay i | 
followeth by proportion, l 


As thetime givenis to an bour: £8 


Sothe way made,to an houres way: - | 
Suppoſe thetime to be 15 ſeconds, which make 

a Quarter cf a minute, and the way of theſhip $8 
feet: then becauſe there are 36co ſeconds in an | 
hour, I may extend the compaſlcs. in the line: of 
numbers, from'15 unto 36co,, and the fameextent 


will reach from $8unto 21120. Or Imay extend |- Iſl 
them frcm 15 unto $8, and this extent will reach | of 


from 3600 unto 2112cz according tothieordinary 
work in Arithmetique, | 
As 15 unto 3600 

| So 88 unto 21120 _ ov:>v6:- Ont. 

_ [ſhewes that an houres way cameto,21120J i 
cer. FOR . 

But this were an unneceſſary bufinefle, tohear- 

ken after feet or fadoms. Ic ſuſficah our fea.men 

to find the way ef their ſhip in leagues or miles. 
| An 


| 
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| The uſe of the lines of Sines aud Tangents, $85 


And they ſay that there are5 feetfn a pace, 1000 paces 
inamile,and6o miles in a degree, and: therefore 300500 
Feet in a degree. Yet comparing ſeveral{ obſervations, and 
their meaſures with our feet uſuall about L.zdon, I find that 
- we may allow 352000 feet toa degree; and then ifI extend 
the compaſſes in the line of 2»mbers from 452000 ynto 211 20z 
I ſhall fad the fame extent to reach from 20 teagues the mea» 
ſareof one degree, to r. 2, and from 60 miles © 3. 6, accor- 
ding to Arethmertique which ſhewes the houres way tobe 1 
leagueand 2tenths of a league, orz miles and 6 tenths of a 
mile. 


. As 352copunto 21120 
So 20 oOunto 1-20 
and 60 00 unto. 3- 60 


But to avoid thefe fra&tions and other tedious reduQions, 
I ſuppoſe it would be much better to keep this account of 
the ſhips way (as alſo of the difference of latitude , and the 
difference ot longitude) by degrees and parts of degrees allows 
ing in 100 parts to each degree, which we may therefore call 
by.the name Of cevteſmes.For ſo doingthere would be ſome a= 
greement between the account and the dayes ſayling. Ordi- 
harily the ſhip goes a degree ina day » as it may appear by 
comparing ſeyerall Journals tothe Eaſt and Weſt Tadies. The 
time of paſſage between the lizard & the ſouther-moii Cape 
of Africa is commonly ſaid to be about three moneths and the 
diſtance is not much different from 90 degrees. 


s , 


- Againthis account by degrees and Centeſmes would be 
more exaQ; and the addition, ſubtra&ion,multiplication,di- 
vifien of them more eafte. Neither would this be hard to. 
conceive, For, 


Centeſm's, Minutes, leagues, 
If x00 docquall 6oand 20 
then 50 hall equall Zoand' 10 
and 5 be equall Z3and 1 


And foin the former exawpleof $8 feetis 15 ſeconds has» 
| Wi | LE -F ving 


86 - The uſeof thelints of fints andtangents. 
ving ficſt found that the houres way is about 21120 feet. 
If I extend the compaſſes:from 352000unto 21120 as befare 
I ſhall find che ſame extent ro reach from 100 unta 6: a8 : be> 
fore,which ſhews that che houres way required is 6 cent:ſuch 
as lo0odo make adegree.&5 do make an ordinary league. 
This might alſo be done at one opecation. For upon theſe 
ſuppolicions, divide 44 feet into 45 lengrhs,and ſet as many 
of them as you may conveniently berween ewo markes on 
the ſhips ſide, and note the ſeconds of the time in which the 
ſhip goeth theſe lengrhes; ſo the proportion will ho:d, 
As the {econds,to the lengths: | 
So 1 hour,unto the Cencelmes. | 
The lengths divided by che time,(ball give the cent. which 
the ſhip goeth in an hour. ' ' | 
Suppoſe the diſtance between the two markes to be' 60 
lengths (which are 58 feet and 8inches) & ler thetime be 12 
ſeconds: extend the compaſſes from 12 co1, intheline of 
numberz;(o the ſame extent will reach from 60 unto 5. Or 
extendthem from 12 unto 60,and the (ame extent will reach 
from unto 5. This ſhewes that the ſhips way is according | 
£05 Cent. in an hour. | 
This may be found yet more eafily,if the logg line ſhall be 
fitted rothe time. As if the rimebe 45 ſeconds,the log line tnay 
have a knot at the end of every 44 feet;then doth the ſhip run 
ſo many cent. in an hour;,as there are knots vered out in the 
ſpace of 45 ſeconds. If 30ſeconds do ſeem tobe a more con- 
venienttime,thelogline may have a knot at the end of every 
29 feer and 4inches;& then alſo the cexteſmes will be a8s'many 
as the knors:Oc if the. knots be madeto any fet number: of 
feec,the time may be firted unto the diſtance. As ifrhe knots 
- be made at theend ofevery 24 feer,the glaſs may be made 24 
ſecond & ſomewhat more then an half of a ſecond, & fo theſe 
knots will ſhew the cent If there be 5 knots vered out in 4 
elaſs,chen 5 centzif 6 Knots, then the ſhip goeth 6 cext. inthe 
ſpace of an hour;& ſoin therelſt. For upon this ſuppolicion 
the proportion between thetime & the feer will be as 45 un* 
to 44+ But according tothe common ſuppoſition it fhould 
ſeem to be as 45 unto 37 $, or in leffer termes as 6 unto 5- 
Thoſe which are upon the place,may make proof of both, ® |} . 
follow that which agrees beſt with their experience. 2 «t- 
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: 2 39 thelatituae ajid aifjerence of longitude, to find 
the diftence ujen a courſe of Eaft andweſt. 

Az thefine of go gr. 

eo the cofine of the laticude : 

So1he difference of longitude at the zquator 

tothe diftance required on the paraflel. 

Extend the compafles from the fine ofgo gr. unto the fine 
of the complement of the latitude;the ſame extent ſhall reach 
in the line of =wmbers from the difference of lopgitude to the 
diſtance. | 4 

So the meaſure of one degree in the #quator being 100 
cent. the diſtance belonging to one degree of lopgitude in the 
latitude of 51 gr. 30 m. will be found about 62 cent. and ;. 

' Oc if the meaſureof a degree be 60 miles, the diftance will 
be found about 37 miles and -. If the meaſure be 20 leagues, 
then almoſt 2 jeaguesandz. If the meaſurebe17;, as in 
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the Spaniſh ha ther ſfomewhatkfle thei 21) ibbgite ſai 
ling upon this parallel, will give an FR of one degree 
of longitude. | | 


By the lathade and Sfiiopmpes! 4 renee. 
of Eaft or weſt, to find the aifferente | 
of lougitude ; | 


If the difiance be giventn leagues or miles reduce them 
lato centeſmes, then will the proportion hold. | 


As the coſine of the latitude 
tothe fine of 90 gr. | 7.27 
= i; abs diſtance on theparallel +1 is 
EY. [the difference eflcughats. PETRO IC 7 328 
: Hh = | 3: 4 2117; <:O1 oa * 
= -_ thecompaſſes = Bt fine of-the complemem 
of thelatitude, to the fine of 90grithe (ameextent will reach 
in theline of nxmber; from the diſtance to.che difference of 
longitade. 
So the diſtance upon 4 courſeof Eaſt r Weſt,in thela ude 
4 CA om. 'being 100 cent. the differeace of. longitude 
wi ound 1. 60, which make one degree and 60 centiſoy 


| Oceans will ves, ct rn 7 4h 


' or (36 18. 

,* *'1Grifirbe het g: thedifference of <dgicade will be 3 : 
| which a &'l gr. 36 m. a8 ous | | ' || 
oe Þ $9.5 SPE REAOT, = 


4 ; Thelingirade and Tlatjtads of two places being 
& MY ts find the Rumb leading from the one 


| D OREE #0 the ather. | 
- adn latitede 4 - | | | | 

to the difference of longicude | 

So the tangept of 45 | 


tochetapgencoti ke common Rum +, 7 


-* 
% 
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Extend hs compaſſes in theline of jars nate thedif. 
ference of latitudes to the difference of longitiudes; the ſame 
extent will give the diſtance from the tangent of 45.gr- Unto 
the tangent of the Rumb, according. to the profe&ion of 
the common ſez*charrt.. & 

So the latitude of the firſt place baba $0 degree the 
latitude of the ſecond 52 degree 30 mi. and the. differ- 
eace of longitude 6 gr. the Rewb will be found to .beabouc 
67 21-123 1m. which is near. the inclination. of the: faxzh - 
Rumbtoche meridian. But this: Rymb (o fouud:.is alwayes 
greater chen it ſhould: be , and; therefore to be. limited; 

. which. may be done ſufficiently for the Sea-mans-uſe , | afcer 


this manner. 


As the fine of 90 gr. 
to the cofine of the middle latitudes -. edt nf 
 Sothe cangent of the common Rumb | | 
tothe tangent o the Rumb required. ... 


Extend the compatles either from the fine of 90 de» 
gree unto. the fine of the eamplemear of ;thie:mighdle Jati- 
tude , the ſame-extent-will reach from thetrangent. ofghe 
_—_ before found ,. to thetangent of the Rumblimi- 
te | * 

Or elſe extend them from the fine of 90 degree unta 
the tanyent of the Rumb before found ; the tame ex- 
tent will reach from.che .ftet of. the, conlement of the 
_ laticude, unto: the tangent. of.che:, Runnb limi- 
te 

Sothe middle lacks beryyeen 50 gre. and 52.27.30 m 
being 51 gr. 15m. and che Rumb ay: Bop found. 67 [6 23 
m. the Rumb limited will be 


which is but five minutes adoglcay als Fate of ihe 


| fiftRumb co the meridian. 


If any pleaſe to work by the Fonen he may Joig both cheſe 


in one operation. [3 A, CO jc: 011 04 M3 - C8072} 214) 0 
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As the difference of latitude 
to the difference of longitude 
.So the cofine of the middle laticrade 
eo the tangent of the Rumb required. 


2 This Rumb may be found by the help of the meri-- 
dian line upon the Staffe. Forif Icake the difference of la» 
titude'out of the meridian line- from 50 degree (unto 52 
degree 30 m--and meaſure it in his equinoQiall, orat the 
beginning of che meridian line, I ſhall find it there to be 
equal t04 degree which may be called the difference of la- 
= titude inlarged. Wherefore I work as if the difference of la- 
of titude were 4 gr. 


As thedifference of latitude inlarged” 
to the difference of longitude 

So the tangent of 45 gr. | | 
to the tangent of che Rumb required. 


' -Andextend the compaſles in the line of :umbers from 
4 anto 6: ſo ſhall I find the fame extent to reach from 
the tangent of 45 degree unto the tangent of 56 degree 
20 m. and this is the inclination of the Rumb requi- 


red.- 
Do 
, = © * 
« 4 *Z 


5 By the Rumb and both latituies, to find : 
'. the aiftance upon the Rumb.: 


As the cofineof the Rumb from the meridiall 
to the fine of J0gr. | 

So the d:ffererice between both latitudes 

 tothediflance upon the Rumb... 


Ts Excend the compaſſes frem the fine of the complement 
5 ofthe Rumb, uno chefine of 90 gr. che ſame ar in _ 
| ine 


+* 


9 


"  *rungenis in Nevigation, V 
"fine of numbers (hall reach from the difference of latitude 
unto the diſtance upon the Rumb. _ . :: 
So the latitude of the firſt place being 50 gr. the latitude 
of the ſecond 52 gr:30m. and the Rumb rhe fife from the me» 
ridian. If Iextend the compaſles fron 33 gr. 45 m. unto the 
fine of g0gr. I ſhall find the ſame extenc inthe line of num< 
bersto reach from 2 gr. 5O cent. to 4 gr. 50 cent. and ſuch is 
the diſtance required. 


7 By the diflance andboth latitudes t8 
find the Ramb, : 


As thediſtance on the Rumb 
to the difference between both laticudesg 

So theſine of 90 gr. ; 
tothe coline of the Rumb from the meridian. 


Extend the compaſſes inthe line of numbers from the di. 
ſtance untothe difference of latitudes; the ſame extent will 


reach inthe line of fines, from gogr.unto the cemplement of 


the Rumb. 

Sothe one placebeing in the latitude of 50 degree the 
other in the latitude of 52 degree 30 9. and the diſtance bee 
tween them 4 degrees 50 cent. It Iexrend che compaſſes from 
4- 50 unto 2. 50. in the line of »wxbers, I ſhall find the 


ſame extent toreach from the fine of 90 degree unto the come 
plemencof 56 degree 15 m- and ſuch is che inclination of 


theRumb required. 


8 Byone latittude , Rumb, and diflance, 
to find the d:fſereice of 
latitudes. 


. As the fine of 90 gr. 
eo the coſine of he Rumb _ the meridian 
m 2 
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-So the diſtance upon theRumb '- | 
- tothe difference between both latitudes. 


1 03:33 


9 011532 24 9447 eh VP ART Tony | . 
-Extendthe tomy aſſes iritheline of ſomes, 4, om gO's » Unto 
thie complement of theRumbzthe ſame'extent inthe line of 
membery, will reach from the diſftance;'tntothe difference of 
laticudes. {1 Y 7 a br 

 Sothe leſſer latitude being 50 degrees and the diſtance. 4 
degrees 5c ent. upon the fifth Rumb trom the meridian : ifI 
exrend thg\cowppaſſes from -abe- line' of yo. pr. to 33 gr. 45 
m, I ſhall find theſamecxtentto reach from 4.50in the line 
of numbers, unto 2.50; and therefore theiecond latitudeto 
be52 gr. 30m. 


g By the Rumb aud uh latitudes, to 
ws 12.24. find the difference of lon- | 
grtudes, 
- ;Asahetapgent of 43 prov to 413 2. 
27 reccherangentiotthe Rumb from the Meridiati © 
So the difference of latiude * oo | 
gf! tochedifferenceoof longitude inthe common ſea-chart. 


Extend the compaſſes from the tangent of 45 gr. unto the 
tarigent of the Rumb3rhe. fameextent will reach in the line 
of number; from the-d:ficrence-of latitudes unto the diffe- 
rence of longitude; accordingto the projeftion of the com+ 
mon ſea charr. 

So the fiſt latitude being 50 gr, and the ſecond 5287. 3O nh 
and the Rumb ke fifth from the meridian : if I cxcend the 
compaſſes ficmthetangentsf 45 gr. unto 56gr. 15 m. I ſhall 
find the ſame extent toreach from 2.50 inthe line of »um- 
bers to about 3.75, which make 3 gr. 45 m. But this difference 
of longitude ſo found, is alwayes lefler then it ſhould be,and 
therefore to beenlarged, which may be done ſufficiently. for 
the ſea-mens uſe: after this mapner: 
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As the cofine of the middle latitude | 
tothe fine of 90 gr. 
So the difference ot longitude in the common ſea: chart 
tothe differetice of longitude inlarged.. 


« Extend the compaſles from the'fine of the complement 
of the middle latitude,unto the fine of go gr. the ſame extent 
will reach in the line of zambers from the difference of lon® 
ghee before fcund, unio the difference of longitudein- 
larged. | 
| $, the middle latitudeinthis example being 51 gr. 15 ma, 
and the difference of longitude before found,3z gr. 75 cent. the 
difference of longitude inlarged will be found about 5 gr. 
99 cent. which ate neer & gr. 

If any pleaſe to work by the Canin he may joyn both theſe 
in one operation. | 


| As the coline of the middle latitude 
to the rangent of the Rumbe from the meridian: 
So the difference of latitude 
to the difference of-longitude required, 


2 This difference of longitude may be found by help of 
the meridia line upon the Staffe, For it Itake the proper dif- 
ference of latitude out of the meridian line,2nd meaſureit in 
his equineGiall , or at the beginning of the meridian line, 
I ſhall find thelatitudeinlarged to beequall to four of thoſe 
degrees. 


As the tangent of 45 gr. 
To the tangentof the Rumb from the meridian 
So the difference of laticude inlarged. | 
to the difference of longitude required. 


Wherefore having «xtended the compaiſes as before 
fromthe tangent of 45 gr. unto the tangent of 56 gr. 15 m. 
m'2 the* 
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the ſawe extent will reach from 400-1n theline of numbers, 
unto 5-99; which fhews the difference of longitude to be a- 
bout 5 gr- 99 cent. of about half a minute ſhort of fix degrees. 


'10 Bythe Rumb and both latitudes, to find the diſtance 
belonging 10 the chart of Mercators proje#:0n. 


"Take the proper difference of latitudes our of the meri- 
dianline of the chart, and meaſure it in his equinoQrall, or 
one of the parallels, andic will chere give the difference of 
Jtirudes inlarged. 


As thecoſine of the Rumb from the meridian ].. 
tothe colineof 90 gr. 

S3 the difference between both latitudes 
co the diitance upon the Rumb. 


Then extend the compaſſes from the fine of the comple- 
ment of tte Rawb unto the fine of go gr. the fame extent 
will reach in theline of -zmbers , from thelaticude inlarged, 
untothe diſtance required. Or extend them from the com- 
plementof the Rumb tothelatizudeiplarged, the ſame ex» 
cent will reach from 90.gr. unto thediſtance. | 

For example , let the place given be A in the latitude of 
50gr. D inthe latitudeof 52 yr. Zo m. A. A4 the. difference, 
of latitudes, and the'Rumb A A D che fifth from the meri- 
dian. Firſt Itakeout A AZ the difference of latitudes, and 
meaſure it in *A E one of the parallels of the zquinoEiall; I 
find itto be very near 4gr-thisis the difference of laticudes 
inlarged. Then if I extend the compaſlcs from the fine of 33 
gr- 45 m. the complement of the fifth Ramb unto the five 
90 gr. I ſhall find the ſame extent to reach in the line of »am* 
bers from 4counto7. 20 Andihis is the diltance belonging 


tothe chart. Wherefore ltake our theſe 7 gre 20 cent, our of 
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WW © fines and tangents in Navigation, 95 
/ theſcaleoftheparallel AE, and prick ic down upon the 
- Rumbfrom Aunto D, where it meeteth with the parallel 
of the ſecond latitude. Laſtly, I meaſure it in the meridian 
line, ſetting one foot of the compaſſes as muck below the 
lefler latitude as the other-above the greater latitude, and 
find it to be 4 gr. 50 cent» which is the ſame diſtance that. I 
found before in the 5. Prop. 


4 


1t- By the way of the ſhip, and two angles of pole 
$707, to find the diſt ance between the 
ſhap and the land. h 


The way of the ſhip may be known as in the firſt Prop. 
The angles may be obſerved either by the Staffe,or by a nee-. 
dle ſer on the Staffe, For example, ſuppoſe that being at 4, 


FT 0 
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Z 

; 

i 
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Lhad fight of theland at B, the fhip going Eaſt Northeaſt 
| from 


d 


| 96 The aſe of the lines of fines and. Tangents 


from 4 cowacdC, andthe angle of the Ships poficion B 
AG being 43 gr. 20 m: and afterthar the ſhip had made 10 
cent, or 2 leagues of way from A unto D\, I obſerved 
again, and found the ſecond angle of che ſhips poſition 
BDC to be 58 depree or the inward angleBD A co be 
112 degree then may I find the third angle A B D co be 
14 degree 40 m-either by ſubſtraQion or by complement unto 
180 pre 

Lochis and che like caſes, I hayea right line triangle ia 
which there is one fide and three angles known, and ic is 
required to findethe other two fides and the Caron for it, is 
this: 


As the fine of an angle oppoſite to the known fide, 

_. is tothat known fide: - | 

So the fine of the angle oppoſie to the {ide required, 
is tothe fide required. 


Wherefore: 1 extend the compaſſes from 14 gr. 40 
m. in the, ſines , £9.10 in the line of numbers, and this 
extent dbth reach” from 58zr. £o 33 4 and ſuch is chedi- 


ſtance between A and B,. and it reachech from 43 gr. 20 


m.unto27in thelineof auwbers; and (uch is the dittance 
fromDtoB. | | 
Theſe two diſtances being known , I may ſet out the land 
upon the chart. For having ſet dowa the way of the hip 
from A coD by that which I ſhewed before in the ule of the 
meridian line, 1 May by theſame reaſon ſet off che-diltance 
AB andDB. which meeting in the point B, {hall chere 
reſemble the land required. 
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13 By knowing the diflance between two places on the 
land, and bow they bear one from the ater, 
and having the angles of poſition at the 
fhrp to fimd the diffance betweenthe 
ſhip and theland. 


If ir may be conveniently, let the angle of poſition be eb- 
ſeryed at ſuch time as the ſhip cometh to be right over 
againft one of the places. Az ifche places be Eaft and Weſt, 
ſcek to bring one ef them South or North from you,and then 
obſerve the angle of poficion: ſo ſhall you have a cight line 
triangle, with one fide and three angles, whereby to find the 
two other ſides. Ficft you have the angleor poſition at che 
ſhip; then a righe angle at the place that is over againft youz 
and the third angle atche other place is the complement to 
the angle of poſition. Wherefore | 


As the fine of the anglepoficion, 
is tothe diftance between the ewo places: 
'"Sothecoline of the angle of pofition, | | 
to the diftance between the ſhip and the nearer place. 
- Andſoischelineof go gr. | 
 tothediſtance from the ſhip tothe farther place. 


So the places being 15 cent. or three leagues one from the 
ether, and the angle of poſition 29 gr.the nearer diftance will 
. befound about 27 cent. andthe farther diftance about 31 

cent. 

'Oc howſoever the angle of poficion were obferved, the 
diſtance berweentheſhip and the land may be found gene= 
rally as in this examplz: 

Suppoſe A and D wece two head lands known to be Eaſt 
Northeaſt, and Weft Soathweſt, 10 cent. or two leagues 
one from the other; and chat the ſhip being at B, I -obſeryed 
the angle of the {hips pofitior:. DBA, and found it to be 14 
gr- 40 mand that Ddid bear 9 gr. 30m. and A 24 gr. 19 am. 

; | Na from 


"1 in Novigationns © : 
from the meridian BS, thizexample would be like the fors 
mer; Forifthe angle 9B D de 9 gy. 30m». from the South to 
the Weſtward,then (ball N D Bbeg gr. 30 m. fromthe North 
tothe Eaftward. Take theſe 9 gr- 39m. cut of the angle NDE, 
which is 67 gr. 30 mw. becauſe cheewo, head lands lie Eaft 
Northeaft, and there will remain 38 g: forthe angleBDE, 
and the inward angle BD A ſhall be 122 gr. Taketheſe cwo 
angles ABD and BDA cue of 180g and «bere will remain 
43 gr-20 m. forthe third angle B AD. Wherefore here alſo 
arethree angles and one fide, by which I may fiad the wa 
other ſides, az in thelaſt Prop. | 

Theſe propofitions thus wrought by the Staffe, are ſuch 
as I thavght co be uſeful for ſea-men,and thoſe that are ukil- 
full may apply che example to many others. Thoſe that be- 
gin, and are willing to praQtiſe, may bufie themſelves with 
this which followeth. 

Suppoſe four ports, L,N.O,P; of which L is inthe lati- 
rude of 50 degrees N is Norch from L 200 [eaguesor 1000 com 
teſmes; O Weſt from L 1 coo centeſmes and Þ Weſt from N 10co 
centeſwes ſo that. and O will beinthefamelatitudeof 5o0gr: 
N and P both in the latitude af 6o-gr. They letewoſhipe de- 
part from L, the one to touch at Q, the other at N, and then 
both to meet at P, (there toJade, and from thence to return 
the neareſt way unto L. Here many queſtions nay be propos 
fed. , 

3 What is the longitude of the port at O from L? 

2 What is the lon gitude of Þ fromN? And why O andÞ 
ſheu!d not be ſame longitude ?: 

3 What is the Rumb from Qunto P? | 

4 Whar is the diftance fromO untoP? And why the way 
fic ud be more fromF. unto P, going by O, then by N? 

5 Whartisthe Rumb from P unto L. ? 

6 What i« the diſtancefrom Punto ? 

7 Whacis the Ruinb from.N unto O ? 

$ What js the ditance from N uns>Q?And why itſhoald 
not becthe-like Kamb and dilance from Nunto O,as from t* 
vato b? 

Theſe 


" Thentof thehaetin Nay io otion, 
Theſe queſtions well confidered, and either reſolved by 


with the globe and the com ron Sea-chart , (hill give ſome 
light to the direQian of a courſe , and reduftion of places to 
theirduelongitude, which are now fouly diſtorced in ct e 
common Sea=charts., 


Here follows all theuſuall problemes of ſailing,according 
toMercatar » which are reſolved Arichmetically by the Ta- 
hleef Logarithme Tangents, without the Table of Mecidi- 
_enall parts, and may.alfo be performed Geomecrically , by 
the Tangem lize upon the Crofie-hiaffe if ic be. large. 
Virlt we aretO know that the Logarithme tangents from 
45 d. 00. upwards, do encreaſe in the ſame manner, that the 
ITN Nn 2 Secants 
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Secants added together do, if we acconnt every half degree 
above 45 d. oo'ts be one whole !degree of Mercators Meri 
dionall line; and ſothe Table of Logarithme taygents, is a 
Table of Meridionall parts,coevery two minutes of theme=. 
ridian line, leaving out the Radius in every line. 

The manner of making uſe efitis thus, (as it ſhall morg 
plainly appearin the Examples of the following Problemer) 


- becauſe the Tables beginat 45 d. co and that every 30. miv- 


nutes is for a whole degree, when) one, or both latitudes are 
given in any queſtien, take the; of cach latitude, and add 
45 d. o& to each of them, and take the tangent of the fum 
of each,for the equall parts of the latitudes given(negleRing 
the Radius as betoreſaid) then ſubfiraQt the lefſer tum of 


_ 'cquall parrs from the greater,and the remainer divide by the 


tangent of 45 30, the Radius negleQed, the:quotient ſhall be 
the equall or-equinoQial degrees contained between the two 
{faticudes, or elle multiply the foreſaid remainer by 10: and 
divide it by the half of the fore-ſaid taygentof 45 d:30'& the. 
quotient ſhall be the equall or EquinoQiall leagues contains 
ed between the two Latitudes. 


| Example. 


C2 one-latitude be 45 &d.3othe® is 22 d. 43/unto which 
add 45 4.00 the ſum is 67d. 45, the tangent above the 
Radius is 3881591 let the other latitude be 40d. ©. thedig 
20 d. 00. unto which add 45 d. oo' theſum is 65 d:* 00. the 
eangent above the Radius is 3313275,which ſubſtrafted from 
the former, the remainder is 568316: which being divided 
by 758c3 the tangent of 45 &. 3& aboye the Radius, the 
quocient is 7 d. 497 partes, the equincQtiall degrees contained 
between the two latitudes, orelſc multiply the remainder or 
G ifference 568316 by 1c, and divide it by 37501 the! of the 
tengent of 45 d. 30 above the Radins, and the quote 
ei:i Is 149 /ec 94 perts,the equall or EquincQial Leagues cons 
tained beaween the two Latitudes, and the like of any 


ocher. 
Problem, 


 Thetrataſe of Mertators Charts 
Protleme, 1. 


"He Courſe and diſiance that the ſhip bath run orſailed, 
being given, tc firid the true place or point wherethe ſhip 

- t8in Meicators Chart. | | 
Admita ſhip lailSSE3 E128 leagues from latitude 45 d. 
39 North laritude , tharis frem AtcE, atcording to the 
plain Sea=charr, Id«wand the trve place or point that- the 
(bip is at, acccidipg tc Mercators Chart. ; 


| doch —__ CG 


Nn 3 


D "The te uſe of eMercators Charts 
” Before this q 1eſtion can bereſolved, we muſt find what 1a- 
titade the ſhip is in, which is thus found. + 
Asthe Radins is co the fine of the complement of the Courſe 
59 <& 04. YJais E A the difkanceupon the Courſe 128, co AD 
' the trac difference of latieudein leagues, which is 110. this 
' being converted into deg: and min:ies 2. 30, and becauſethe 
- latieude decreaſeth, or the pole iedeprefled , 'we ſubfiraRt ir 
. from 45 &, 30, and the remainer is 40 d. cOthelatityde the 
ſhip is in, that is at E, according tothe plain Sea-chare, or :: 
C according to the Mercator:bat before we can find the poine 
C, we muſt find che diſtance of the polnt Bin the Meridian 
line from A: the manner how todo iglithewed in the Exam- 
ple before this Probleme, andit is there found to be 150 
leagaes neer. Now the point C, the true place of the ſhip in 
Mercators Chart, may be found two ſeveralil wayes. 
Firſt, As D A the true difference of latitude 110, is toAE 
therruediftance Run upon the Courſe, fois BA the diffe- 
. renceof laticude enlarged 150, to AC 174 gthe enlarged di- 
ſtance, which being laid of upon the line of che Courſe, gives 
the point C, the trne place of the (hip in Mercators Chars. 
Here we may take notice, that tbe true point of any place, 
according eo the plain Sea-chart or according to Mercators 
Chart, is alwayes npen one and the ſame right line of the 


Co ; | 
Secondly, As Radius isco tothetangene of the Courſe 30 
d. 56, ſo is A Brhe difference of latitude enlarged 150, to BC 
90 the difference of longitude, which being laid ofupon the 
perpendicular BC, giyesthe point C,the true place of the ſhip 


in Mer 


Probleme, 2. 


gades being known, £o find the crue place or point that 

ihe (lip izooTta Mercacars Chart, and the crue ditiance that 
the ſhip hath Tailed, | | | 

Sappoſe a ſhip eo ſail SSE }E from the latitude of 45 d: 30 


untill 


Ps courſe thatthe thip hath ſailed on, and both {ati- 
the 


The tree wfe of Mercators Chart. 
uvtill it be in the latitude of 40 &. 00 that is from A to E,ac- 
cording eo the plain Sea=chart, or frem A to C accerding to 
Mercazors Chart. | | 

Firft we muſt find the difference of latirude enlarged, avi 
before direfted, which is AB 50 leagues. | 

1 Arthe Radius is to che tangene ofthe Courſe, 30 & 5& 
ſois A B 150,oBC go, which laid of gpon the perpendicu- 
lar BC, gives Cchearveplace or point which the ſhipis on 
in Mercators Chart. 

2 As the fine complement of che Courle 59.4 04 istorheRa« 

dius, ſois DA the truediffcrence of !a tizude 130. ro AE the 
wruediſtance ran upon the Courle 128, 


-1þ Probleme - 
Och latiudes given, and the diſtance ran upon the 
LI Coarſe, cobad the poine or place that the ſhipis on in 
Mercators chart,and the ccurle or pcint of the compaſſochar 
the (bip hath ſailed on. | 

Suppoſe a fhip to ſail 123 lea; berween Sourh and Eaſt, from. 
A iathelatirude's5 d: 30, and ai he.cnd of her diſtancegiebe: 
in theiatituie of 40 d. oo. | 

Ficlt find che difference of laticudeenlarge as is beforedt« 
reſted, which s AB SO, 
| : As D A 11othetruediffcrenceof laidrude, isro A Eras 
-. the cruediſftance run, fois B A 150 the difference of Jackude: 
enlarged, toAC 174 Zthediſtance enlarged, which laid of 
upon the line A E, from Are Ci thall be thecrue poine or 
place that the ſhip is on in Meccators projection. 

2. AsAE 128 che truediftance rug. ,j isco-A D x10. thetrue 
difference of latitude; (o is the Radiug tothe fine of che com= 
plement of the courſe 59.4. 04 which complement 59-4 047 
ſabrra&our of go & Oo, and the remaimmes is 20 d. 058! the 
ond being ix is betwees Szurk an&Eait, ic 18 SSE 3 

aſterly. 
Probleme 4. 
5 latitudes, and the departureor. diſtance of theme= 
ridian you areupon and the meritizn'you began your 
ont 
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The true uſe of Mercators Chart: 
. coutſe on, to find the point or place where you are in Mercs- 
tort-charc, alſothe courſe'that you bave made good, and 
 thediſtancethat you have run from the place, where you be- 
gan yourcourlſe. | 

This Probleme is chiefly uſefal for the Navigator,when he 
hath caft up his traverſe. Admit a ſhip to ſail apon the South- 
eaſt quarcec of the compaſſe, from {atitude 45 d. 3ounto lati- 
tude 40 d. 00” and che departure from the meridian is went 
from, be 65 xleagues. 

Firſt find che difference of latitude enlarged,as is before di- 
refed 150 leagues. | Eh 

x: As AD 110thetrue difference of latitude, istoDE 65; 
2-the departure from the meridian, fois AB150, the diffe- 
rence of latitude enlarged,to B C goleagues,the difference of 
longitude, which laid of upon the perp:ndicular B C,from B 
to G-ſhall be the point or place in Mercators chart, where the 
ſhip is- | 
4 As AD 11otheerae difference of latitude, isto DE 65 £, 
the departure from the meridian,ſo is the Radius to the tan- 
gentof the Courſe 30d. 56 chatis 2 points 3from the South 
tothe Eaftwards, that is SSEE the courſe that the ſhip 
hath kept. | 

2 Azthe fineof the courſe 304d. 56' is tothe Radius, (o is- 
DE65 *« thedeparture fromthe meridian, t0E A 128 che di- 
ſtance rule "a 


Oth laticudes being given, and the differenceof longi- 
tude, to find the diftance the Ship hath kept, and the di- 
fianceie hath run. 4: | | 
Admix a Shipto beat A in North latitude 45 d. 30' and to 
ſail South eaſtwards, uncill it be at E in latitude 40 d. oo ac- 
cording tothe plain Chart, and the point C be the place in 
Mercaco:s-chart where the ſkip is, and the difference of lon- 
gitude be B C 90 leagues. 
Firti fiad the difference of latitude enlarged,as is before di- 
refed 150 leagues. | . 
2 Ag 


The tre uſe of Mereators Chart, 


rs As AB150che difference of [aticude enlarged, is to BC 
99, ſois:the Radiueco the tangedt of the Courſe, 30 4.56 
which 182 polacs I chat js SSEE, 
. 2 Asthe fine complement of thecourſe 594. 04 is.co the 
Ritmns,fois DA 1To the true difference of latitude,to A E 
the true diſtance run 128. | 


Probleme 6. 
CYNelaticude, wich the Courſe, and the difference of 1on- 
gitude given, to find the other laticude,and the diftance 
run. 

Sappoſe a Ship co bein the l=ticude of 45 4 30' North lati- 
tade, andtoſfail SSE} E(untill the difference of Jongitude 
be 90 leagues) that is from A co C,hich is the point or pl zce 
of the Shipin Mercators chart. 

1 AzstheRadiusis co the tangent complement of the 
Courſe 59 4 04), fo is C Brthediffcrence of l9ngitu'!e go, to 
AB 150 the difference of latitude enlarged, by which wulci- 
ply 37901 the, of the tangent of 45 d 3o'abvvethe Rodiug, 
and divide the produ& by 10, and the quotient is 568515. 
Then cake; the latitude given, the 5 of 45 4. 30' which is 22 

 d,z5 unto which add-45 4. 00* the ſam is 67 d. 45' chen ſeek 
the angent of 67 d: 45* above the Radius,which is 3581591. 
and ſubftratrheformer quotient 568515 fromicy, and the 
remaiger 133313076 which ſeek in the Tangents, and you 
ſhall find it ac 65 d. 06 from which ſubftrat 45 d. 0 the re- 
: ger is 204. 00', which being doubted, is 40 4. 00, the 
atitude required Hereweareto note,that if the ſaricude had 
increaſed, we muſt have added the quotient 558515 to the 
eangent of 67 4.45' and ſoſooght the ſum in the Tangeatrgro 
have found che Jlatitade required. 

2 As the fine of thecomplement of the Courſe 59 d. 0," is 
tovhe Radius, ſo is D A the trac difference of laticude 110 ro 
AEthetrue diftancerun 128. 

Although Ihave ſer down but the proportions and the an» 
ſwers toeach queſtion, they may all be calculated by the Ca» 

Hen, and the Chilliad of Logarithmes in this Book. 
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An Appendix concerning: 
The deſcription aud uſe of an Infirument, made 


122 for me of a Crofſe-bow, for the n.01e e4- 
ſie finding of the latitude at Sea, 


T He former Prop: ſuppoſe the latitude to be known, Iwill 
here ſhew how ic way be eaſily obſerved. 

Upon the center A, and (em idiameter A B,deſcribe an ark 
cf acircle S BN, The ſame ſemidiameter will (et of 60 gr. 
from Bunto S for for the South end, and other 60 gr. from B 
unto N for the North end of the Boy : ſo che whole Bow will 
contain 120 gr. the third part ofa circle. Let ie therefore be 
divided into 10 many degrees, and eachdegree ſubdivided 
into fix parts, that exch part may be ten minutes: but let the 
numbers ſet toit be 5. 10. 15. unto 90 gre and then again 
5. 10-15, Unto 25. that 55 may fall in the middle,. as ia this 
lpure. h 


The Eow being thus divided and num bred, you may ſet 
the 


The d:ſtription of the Bow, Ion 
the moneths and dayes of each moneth upon the back, and 
ſuch ftarrs as are fi; for obfervacion upon che fide of the 
Bow. | 
If you deſire to makeuſe of it in North latitude, -you may 

number 23 gr-30m, from 90 towards the cnd of the Bow at 
N,and there place the tenth day of June. And 23 gr.3om,from 
go towards 5; and there at 66gr. 30m. placethe tenth day of 
December. And ſo the reſt of the 4ayes of the year, according 
to thedeclination of the Sun at the ſamedayes. 

The ftarremay beplaced in like manner according to their 
declinations, to the year 1670. 


ArQurus 20 gr. 57 ms 

The Buls cye 15 47 

The Lions hears 13 32 

The Valtures heart $ 8 

The litcle dog 6 © from 90 toward the 
North end of the Bow at N. Then for Southern Rarcs, you 
may number their declination from 92 toward the South 
end of the Bow at S. Asficlt thethree flarces in Orions gir- 
dle, 


In Orions phirſt at O gr. 37 mM. 
girdle the) ſecond 1 26 
chicd 2 9 
The Hydra's heart 7 16 
The Virgins ſpike 9 24 
The great dog 16 9 
Aquaries leg v4 
The Whalestail 19 48 
The Scorpions heart 25 37 
Fomabant 31 16 And ſo the South 
crowne, the triangle, the clouds, the crofiers, or what other 
Stars you think fir for obſervation. This I call the fore fide of 
the Bow- 
If you defire to make uſe of it in South latitude ,you may 
eurnthe Bow, anddivide the back fide of it, and number 
nn 2 it 
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It inlike manner; and then pur on the moneths and dayes of 
the year, placing the tench of December atthe South end, 
and the tenth of June toward the middle of the Bow, and 
wa reft of the dayes according tothe Sunres declination as 
before. _ 
The rthiefeRt of the Northern Starrs may here be 
placed in like manner, according to their declination. 
Anno 1670. EE 


The poleftarr at 87 gr. 32 mt. 
The firſt guard 75 34 
Tre ſecond guard 73 15 
The great Bears back 63 30 


el} 47 
In chegrex $Sccon 56 40 


Bearscail Ycbird 51 2 
The ſide of Perſeus 1g 36 
The goat 45 37 
The cail of che ſwan 44 9 ? 
The head of Meduſa 39 ar | 
The harp 38 32 
Caſtor 32 33 : 
Pollux 28 47 


The North crown 27 50 
The Rams bead 2t - 30 
Ac@&urus 20 57 
TheBuls eye HE, 
The Liens heart 13 32 
The Vultures heart $ ©o8 
Ocions righe ſhoulder + 19 
Ocions left ſhoulder 6 2 


And (o any other ftarre, whoſe declination is known uneo 


youſgwhich beivg done. The uſe of this Bow may be. 
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1 Theday of the moneth being known, 
10 find the des lination 
of the Sam 


2 The declination beirg given, te find 
the day of the moneth, 


Theſe two Prop: depend on the making of the Boo. If che 
day be known, look ic cut in theback of the Bow : ſo the 
declination will appear in the ſide. Oc it thedeclination be 
known, the day of the moneth is ſet over againſt ic. As if the 
day of the moneth were the 14 of July, lock for thisday in 
the back of the Bow, and you ſhau fied it over againſt 20 gr: 
of North declination-Ifche declination given be 27 gr. co the 
Southward,you ſhall find the day co beeither che cleyenth of 
November,or theeleventh of Janoary. 


2 To find the altitude of the Sunne 
0f S8$4YS. 


Here ic is fic to have ewo rnnniog fights , which may be 
eali'y moved on the back of the Bow. The upper fight may 
be ſet eicher tO60gr.or to 70 grgor to 80 gr. as you {hall find eo 
be moſt convenient:the other fight may be ſer ongto any place 
between the middle and the other end of the Bow. Then with 
the one hand hold the center of the Bow to your eye, ſo as 
you may ſee the San or Star by the upright fight, and wich 
the other hand move the lower fight up or down untill} you 
have brought one of the edges of it, tobeeven with the hori- 
zon (a8 when you obſerve with the Crefſeſtaffe: ) fo the: de- 
grees contained between that edge and the upper fight, ſhall 
ſhew the altitude required. II 


Thus 


F 


x04 The uſe of the yow? 
Thus if che upper fight ſhall be at Sogr.and the lower fight 
at 50 gr: the alticuderequired is 30 gr. 


6 To find any North latitude, bythe m:ridian alti- 
tude of the Sun at 4 forward obſeruat ion bow « 
ing either the day of the maneth,or the 
declination of the Sun. 


As oft as youareto obſervein North laticade, place beth 
the fights on the fore fide of the Bow, the upper light to the 
declination of the Sunne , or the day of the monech at the 
North end, and che lower fight toward the South ead. Then 
when the Sanne cometh to the meridian, turn your face to 
the South, and with the one hand hold the center of che Baw 
to your eye, (0 as you may ſeethe Sanne by the npper fight; 
-with-che other hand morethe lower fight, untill you have 
brought one of the edges of it tobe even with che horizon: 
ſo that edge of the lower fight, (hall ſhew the latitude of the 
place inche fore fide of the Bow. | 

Thus being in North latitude upon the ninth of Oftober: 
if I ſet the upper ſight rothis day , at the fore fide and North 
.end of the Bow, 1ball find ic to fall to the Southward of 99 
.upon S0gr.and therefore at 10 gr.of South declinition. Then 
the Sunne coming to the meridian, I may: ſet the center of 
the Bow to mine eye, avifI went to find che alticude of the 
Sunne, holding the North end of the Bow upward, wich the 
upper fight between mine eye and the Sunne, and moving 
the lower fighc. untill it come co be even with the horiza2n, 
If here the lower fight ſhall ſtay at 50gr:T may well ſay, that 
the latitude is 90 gr. For the meridian altitude of the Sunne 
is 30 gr. by thethird Prep. and the Sunne having 10 gr. of 
South declination, the meridian alticude of the Zquator 
would be goyr; and therefore the obſervation was made in 
50gr: of North latitude. 

y the ſame reaſon, if the lowerfide had ſtayed at51 gr: 
30 m- the latitude maſt have been 51 gr. 30m. and (oin the 
reſt, | 3 To 


5 To findany North latitude, by the mer idjan altitude 
of the ſtarres to the Sonthward, 


Leethe upper ſight be ſer tothe ſtarce, which you intend 
to obſerve,here placed in the fore lide of the Bow,Then hold 
the Northend of the Bow gpward, and turning your face 
co the South, obſerve the meridi in altitude as before: fo the 
lower fight ſhall ſhew che laticadeof the place in the fore fide 

of the Bow. 

— _ Thuvifinobſerving the meridian alcicude of the great 
Dog; ſtarce, the lower Gght (hall ay at 50 gr. it would ſhew 
the latitude to be 50gr. For this ſtarrebzing here placed ac 
73 gr- 48 m. if we take thence- 50 gr.- his meridian altitude 
would be 23 gr. 48 m. tOthis if we adde 16 gr. 12 m. for the 
South declinacion of chis ſtare, ir would ſhew the meridian 
alticude of the equator to be 40 pr. and therefore the {articude 
to be50 gr. ; | 


6 To find ary North latitade, by the meridian alt itud: 
of the ſtarres to the Northward. 


If the Bow be intended only for nocth latitude it may ſuf- 
ficeto have the degrees divided only on the forefide, and 
then the.ſtars to the northward may be placed: either on che 
backfideor-che infide of che Bow by theſe degrees: the pole 
Rarre at $7 gr. 20m. neer the 20day of September, the formoſt 


ben at 7567-45 a8. chehingmoſt guard a7 gre 25 ms and 


. the ceft zccording.to their deeliogiana before mentioned fo 
L bp, egree{hh eprelent the north pole of che world. 
: 'Wheg any,of theſeltarres conic to be in the meridian and 
ander the pole ſet the upper fightto chat ſtarre, hold the 
north end of the Bow upward and turning your face to the 
north obſerve his altitude as before,ſ2 the degrees contained 
between the 90 degree and the lower fight ſhall ſkew the al- 
Fityde of the pole. 
us the former guard coming to be in the meridian under 
Oo the 
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nos 

*  thepoleif you obſerve and find the lowerfighe to ſtay at 40 
gre the elevation of the pole is50 gr.according to the diſtance 
between 40 and go. 5 0 

If you would obſerve any of theſe ftarres at ſuch time as 
they come to be inthe meridian and abovethe pole yu may 
place theſe ftarres in the Bow above 90 gr. the north ttarre 
at 2 gr. 42m. neer the fourth day of Septerwbery the formalt 
guard at I4gr.15 m. the hindmoſt guard at 16 gr.35 m. and 
ſuch others as you think fitteit according to theic diltance 
from the pole: then ſerting the upper light co the place of 
the ſtarre about the pole, the reſt of the obſervation will be 
the ſame as before. 

But if the Bow be made to ſerve at large both in South & 
Nortk latitude then theſe Northera ſtarres weuld be let pla- 
ced on the back fide of the Bow by the degrees on that (ide 
according to the co mplement of cheir declinations,that che 
- north ſtarres may anſwer tothe norch San in ſouth latitode 
inxuch ſort as the ſouthern ſiarres did co the ſouth ſun in 
north latitude in the former Prop. This being donelet the up- 
per fight be ſet to the ftar which you intend to cblerve, here 
placed on the backſide of the Bow. Then hold the North end 
of the Bow upward, and tirning your faceto the North, ob- 
fervethe alcicude of the ſtarre when ke cometh tobe in the 
meridian and under the pole:ſo the lower fight (ball ſhew the 
altitude of the pole in the back fide of the Bow. 

Thus the formerguard coming to be in the meridian un- 
der the pole, if you obſerve and find thelower fight to fiay 
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at 50 gr. ſuch is the elevation of the pole, and the latitude of . 


the pace ro rhe oretoraree, For _ diftance wr ho = 
two fights will (hew che alticude co be 35 gr-45 m.and cheflar 
is 147r. 15 #.diftant from the North oe. Theſe ewo do 


make up 50 gr. for the elevation of the North pole, and 
therefore ſuch is the North latitude. 


7 To 


. 41 tm finding the latitude? Wo7 


7 To find any South latitude , by the meridian altitude of 


the Sun at a forwardobſervation, knowing eith.x 
the day of the month, or the declination 
of the Sunne. 


When you are come into South latitude, carne both your 
| fightstothe backſide of the Bow: che upper fightto the de- 
clination of the Sun, or the day of che moneth at the South 
end, and the lower fight toward the North end of the Bow. 
Then che Sun coming to the meridian, turn yourface tothe 
north, and holding the South end of the Bow « pward , ob- 
ſervethe meridian altitude as before:(o the lower fight ſhall 
ſhew thelatirude of the place in the back fide of the Boy. 
Thus being in South laticude, upon the tench of May if 

ou obſerve and find the lower fight wo ſtay at 30 gr. on the 
back fide of the Bow, [uch is the latitude. For the declina« 
tion is 20 gr. northward, the altitude of the Sunne berween 
the ewo fights 40 gr. the altitude of the equator 59 gr. and 
therefore the latitude 3ogy. 


2 To find any $ outh latitude, by the mer:4jan altitude 
of the tarres ts the Northwar 2. 


Ler the uppe light beſet cothe ltarce which-you intend 
to obſerve, here placed cn the back fide of the Bow. Then 
hold the South end of the Bow upward, and turning your 
facecothe.Narth, obſerve the meridian altitude as before: 
(ache lower ſighc ſhall ſhew-che latitude of theplace in the 
pack fide of the Bow... |, 14: i 4, 

[Thus being in South laticude, and the former guard com- 
ming be in the. meridian' over” the pole. If you obſerve 
ard finde the lower fightro, ſtay arts gr. ſuch is the latiude. 
Fas this fiagre is 1444.15 my from the, north pole, the alti- 
waeet che as berween the two fights 9gr. 15 m.the north 
pole depreffed 5 gr. and therefore the latitude 5 gr. to the 
Southward. 
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_ "The oft of the Bow; | 
9 Toofſerve the altitudesf dhe Sunn by the Bow or 


Here it is fit to have a third Fght (like tothe horix ;ntall 
fght belonging to the Raffe) which may be ſct rothe center 
of the Bow. © cR 

If the ſunne be neer to the zenith, hold the Bow as when 
you obſerve with the Aſtrolabe, ſo as thecenterbeing down - 
ward the line A B may be verticall and thelineS N paral- 
lel tro the horizon, then turning one end of the Bow toward 
theſun you may move one ofthe fights on the back of che 
Bow, untill the ſhadow thereof fall cn the middle of the 
horizontal! fight,ſothe degrees contained between the verti 
call line A B, and that upper fight ſballſhew the diſtance of 
the Sun from the zenith. 

If the Sunne be neerer to the horizon 4 you may hold 
the Bow ſo as the line 5 N may be vertically and the line 4 
B parallel tothe horizon , then obſerving as before the de- 
grees contained between the line A B, & the upper fight ſhall 
ſhew the alticude of the ſun above the horizon. 


10 To find a South latitude by the meridian altitude 
of the flarres tothe Southward . 


. Let the upper fight beſet to theſtarre which you intend to 
obſerve, which mightbe bereplaced on the foot fide of the 
Bow by che complement of their declinations, if we knewthe 
erue place of ſuch as are neerto the ſouth pole. 

Then hold the ſouth'end of the Bow upward, and tur- 
ning yourface tothe ſouth, obſerve the alticude when he 
corethto be in the meridian, and under the pole, ſo the 
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_ Bow: ſhall (bew the altitude of the pole in the fore fide 


11 To obſerue the altitede of the Sunne 
backnard, 


Set the upper fight either to 60,0r 70, or 80gr. as you ſhall 
find it to be moſt convenient , the lower fight on any place 
betweene the middle and the other end of the Bow, and 
have an borizontall fight ro beſet to the center. Then may 
you turne your back to the Sunne, and the back of the Bow 
coward your felf, looking by the Iower fight through the 
norizontall fighe, and moving the lower fight up & down, 
untill the upper fight do caſt a ſhadow upon the middle of 
the horizeptall fight : fo the degree, contained between 
_ twoſights on the Bow, (hall give the altitude requi- 
red. | 

Thus if the upper fighe fha}t be at $o gr. and the lower 
ghe at 5Ogr. the altitude required i330 gr. azin thethird 

r0Þs p ; 
Or if you turne the other end of the bow upward and 
ſer the upper fight to the beginning of the quadrant, and 
_ obſerve as before, the lower fight will ſhew che alci- 
tude. | 


12 To find any North latitude by the meridian alti- 
tude of the (un at 4 back obſervation, know 
.- Ing either the dayof the moneth,, 
4 87 the declination of the 
- Samne. 


Place your three fights as before on the fore fideof the 
Bow :: the upper fight tothe declination of the Sun, or to 
tay ofthe moneth;, at the North end; the lower fight 'to 
' ward: the South end of any the -horizonall fighe= 
| oO $ £0 


A healer ohne Lt a, 2p =, W 


Iio +. The uſe of the Bow. 
tothe center. Then the Sunne coming £0 the- meridian, 
curne yourface tothe North , and helding the North-end 
of the Bowupward , the South end downward, with the 
back of it toward your. ſelf, obſerve theſhadow of the upper 
fight az in the former part of the 5 Prop. ſo the lower 
fghc fhall ſhew the laticude of che place in the fore fide of 
the Bow. | 

' Thus being ia North laticude upon the ninth of Oito- 
ber, if you obſerve and find che lower fight co ſtay at. 50 
gr- On the fore fide of the Bow, ſuch ische laticude. For the 
declination is 10 gr. Southwa:d, and the akitude of che 
Sanne between the rwo lights 30 gr-the altitade of the e* 
- wig 40 gr. and therefore the latitude 50gr. at in the fixth 


rope 


12 Tofind any South latitude by the meridian 
altitude of the Sun at a back obſere 
Vairon, knowing enber the day 
of the mometh,or the de- . 
clination of the 
SWC, 


When you obſerve in South latitude, place your three 
fights on the back fide of the Bow : che upper fighe co che 
declinationgf the Sunne, .or the day of the moneth. at the 
South endzthe lower ftght toward the Norch end of the Bow, 


and the horizoncall fight cothe center.. Then the Sun co- 

ming to the meridian,curmyour face to the Sourh,& holding 

the South end of, the Bow-apwerd, with che back of ic co- 

ward yourſelf, obſerveiheſhadow of the wpper fight as be- 

fore:ſothe lower fight ſhall fhew the laticude of the place in 
the back fide of the Bow. : 


Thus being in the South laticudeupon the tenth of .Ma F, 
if you obſerve andffind,che lower iightroftay at:30gnon hy 
back of the Bow, (ſuch js th alticude of the 'Sunne between 


the 
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the two fights 40 gr. the altitude of the equator 60gr. and 
therefore the latitude 30 gr, as in the ſeventh Prop. 


1, To findtheda) of then.oneth, ty knowing 
4 | 7 Ong 
the latitude of the place, and obſerving 
the meridian altitude of 
the Sunne. 


Place your three fights according to your latitude;the ho- 
rizontall fight to the center, the lower fight tothe latitude, 
and the upper fight among the moneths. Then when the 
Sunne cometh to the meridian,vpbſervethe altitude,looking 
by the lower fight through the horizont all, ard keeping the 
' Jower fight ſtill at the latitude, but moving theupper fighc 
until ic give ſhadow upon the middle of the horizontal fight: 
ſo _ upper ſight ſhall ſhew the day <f the moneth requi- 
red. 

Thus in our latitude if you ſet the lower fight to51 gr.30 
». and obſerving find the altitude of the Snne berween 
that and the upper fight to be 28 gr. ;30 me. this upper fight 
will fall upon the nipth of Ofober, and thetwelfth of Fe- 
bruarie. And if yet you doubt which of them twois the day, 
-you may expe another meridian alticude; and then if you 
find the upper fight upon the tenth of Ocober, and the ele- 
yenth of Fibroarle, the queſtion will be ſoon reſolved 


is Tofind the declination of any unknowns ftarre 
and ſo toplace it on the Bow, know- 
ing the latitude of the place,ang of- 
' ſerving the Meridian altitude 
of the flarre. 


When you find a ftarrein the Meridian that is fit for ob_ 
ſervation. Set the center of the Bow co your cye, thelowe, 


gh, 
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he to the latiradg& move the apper fightapor down-un- 
wi you ſee the horizon by the lower fighe, and the ftarre by 
che upper fight, then will che apper fight ftay at che declina- 
tion and placeof the ſtarre. 

Thus being in 20 gr. of N>cth laticudezif you obſerve and 
find the meridian alticude of the. head ofthe Colfter to be 
14 gr- $0 m. The upper fight will ſtay at 34gr- 50m.and there 
may you placethis ſtarce. For by this obſervation the di- 
.nce of this ſtarre from the South pole ſhould be 34 gr. 50m. 
and thedeclination from the equator 55 gr- 10 m. And (o 
for the reſt. 

The ftarres which Imentioned before, do cometothe me» 
ridian in this order, afcer the fuſt point of Aries. | 


16 To find any North latitude on land by obſervation 
with thread and plummet. 


Set the ſight totheday of the moneth at the fore fide and 
ſouth end of the Bow: then when the ſun cometh to the me- 
ridian turning thenorth end in your leſt hand coward the 
ſouth, ſoas the fight at the center may ſhadow the fight at 

the day ,obſerve where the thread falleyhgand abate 20. gr. 
if it fall on 7ogr. che laticyde i8 50.gre Fon7 rgr. 30 m. in-the 
laticudeis 5 1 gr. 30in, —— both 124-442. 07+ jad 
If che Bow had been'made only for finding che latitude on 
land I might then have ſet ſuch numbers coit as needed no 
allowance... ow on oats i hal? 0 
17 Tofind any fo h Kiude enland by ob ervation 
. _- with thread and plummet: 


I *\\ 


Jen | 
Set the fight to the day ofthe moneth at the back fide and 
north end of the Bow, and/when-the ſun cometh. ro ghe me- 
ridian turaing the ſouth end 20.yaur left hand, rowrard, che 
norch obſerve as before,and abate 20 degrees. _ 
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" Or you may fet the fight tothe day of the moneth at 


The right affention of theſe Starrs, is tothe year 1670. 


Ho. Mi. 

The pole ſtarre ar © -. 31 
The rams head & - 
The head of Meduſa SE. 
The ſide of Perkus So 
The Buls eye 4 17 
The goat 4 $2 
Orions ag — s oO7 
inSC NC F Ig 
yelled the ſecond E- - 
the third E -- A 

'Orions right ſhoulder F 37 
The great dog E:- B33 
(ator F 0 
The little dog q 242t 
Pallnx 7 25 

The Hydra' shart 9 


The lions hart 
The great bears back 
Firſt in gr. bears tail 
The Virgins ſpike 
Second in gr. bears tail 
Third in gr. bears tail 
Ar&urus 
The formoſt guard 
The North crown 
The h:ndmoſt guard 
Scorpions hart 
The harpe 
Vulcurs hart 
Swans tail 


| Fomahant. 
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| the 
fore-fide, and north end ofthe Bow, and fo obſerving as be- 
fore, the thread will fall on the complemene of che laticude. 


| 


The end of the ——— book of the Croſs-Raffe. 
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THE THIRD BOOK, 
ofthe uſe of the ltnes of Numbers. 


Simes and Tangents for the drawing of 
Hour-lines on all ſorts of Planes. 


their denomination from thoſe great circles to + 
which they are parallels,and may ſofhi:jently for our 

. uſe berepreſented in this one fundamental! Diagram 

and be known by their horizontal} and perpendicular liges, 
offuch as know the latitude of the place , and the circles of 


T HERE aretenſeyerall forts of Planes, which cak « 


| thefphwce. 


1 An korrxiontall plane parallel tothe horizon, here repre- 
ſented by the outward circle ESI N. 

2 A verticaliplaneparallel cotheprime verticall circle 
which paſſech through the zenith, and che poincs of Ziftand 
Veſt in che horizon, andisrightcothe horiz >n and the me- 
ridianz that is, maketh right angles wich them bo k. This is 
repreſented by E ZW. 

. 3 Apolarplaneparallel tothe circle ofthe houre of 6. 
which pafſzth through the pole, and the points of Eat and 
Wei, being right cothe EquinoGiall and the meridian , but 
inclining to the horizon,wich an avglecguall cothe latitude. 
This is here repreſented by E PW. 

4 An 2quinoRiall plane parallel co the EquinoQial,which 
paſſerh through the points of Eaſt and Welt, being right co 

the Meridian, bur inclining tothe Hacizon , with an angle 
equall torhe complement of rhe latitude. This is here repre- 
ſented by E AW. 

5 Averticall plane inclining tothe horizon , parallel co 
azy great circle, which pafſeth through the points of Eaſt 
and Weſt, being right to the meridian, bur inclining tothe 


herizon, and yer not paſling through the pole, nor parallel 


Pp 2 to 


En 


The <fltndion of Plaves: 
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to the xquinoAiall. This is here repreſentedeicher by £1, 
orETH#,orELW. FIT IS | 

6 Ameridian plane parallel tothe meridian, the circle 
of the hour of 12, which paſſeth chrough the zenich , Ut 
pole, and the points of South and North, being right tothe 
yn and the prime verticall. This is here repreſentedÞy y 

7 A m-ridian plane iacliningeo the horizon, patallel 
to any great circle , which wr” 4 through che points of 
South and North, being right eo the prime veriicall, but 18 
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To find the inclination of a Plane; ils 
ing to the horizon. This is here repreſented by 
$ Averticalldeclining plane, parallel to any great cic- 
cle, which pafſcth through the zenith, being right to the 
horizon, but inclining tothemeridian. This is repreſented 
by BZD. | 

9 Apolardeclining plane, parallel to any great circle, 
which paſſech through the pole, being right to che equino» 
Qiall , buc inclining tothe meridian. This is here repreſent» 
edby HPO. 

10 Adeclining inclining plane, parallel to any great cic- 
cle, which is right co none of the former circles, but declin- 
ing from the prime verticall, and incling both to the ho» 
rizon and the meridian, and all the hour=:ircles. This may 
be here repreſented either by B/D, orBFD, or B KD, 
or any (ach _ Circle , which paſſeth neither through the 
Soath and North, nor Eaſt and Weſt points,nor through the 
zenith nor the pole. Os 

Each of cheſe planes (cxcept the horixontall) kath two 
faces whereon hour-lines may bedrawn; and ſo there are. 
19 planes in all. The meridian plane hath one faceto the Eaft, - 
and another tothe Weſt : The other verticall planes haveone. 
eo the South, and another to the Nerth, and thereſt oneto 
the zenich, and another to the nadir : bue what is ſaid of che 
one, may be underitood of the other. by 


To deſcribe the ftndamentall Diagram. 


The deſcription of this 4;agrom is ſet down at large in the: 
vſeof the Seffor Pag. 77. but for this purpoſe it may i ſufficeif - 
it havethe yerticall circle , the hour-circles, the equator,and 
(he cropiques ficft drawn in it , other circles. may be ſupplyed 
afterward as welhall haveuſeef them. And thoſe may. be 
readily drawnin this manner. WS 

Let the outward cirole repreſenting the horizon bedrawn 

| Pp 3 and 


£18 To find the inclination of « Plane; 

and divided into four equal parts with SN the meridian and 
E FF che verticall, and each fourth part into 90 gr. That dene 
Lay a ruler to the point'S, and each degree in the quadrang 
E N and note the iaterſe&ions where the ruler crofſeth the 
verticall, ſo ſhall the ſemidiameter EC be divided into other 
90 gr. and from thence the other (emidiameters may be di- 
vided inthe fame ſort. Theſe may be numbred with 10. 20, 
30.&c. from EcowardC , and for variety with 10. 20.30. 
&c. from Ctoward W. But for the meridian che South parc 
would be beſt numbred according to che declination from 
the equator, and che North pare according;:tothediftance 
from the pale. 

Then with reſpe& unto the-laticude which here we ſap- 
poſe to be 51 gr. 30m. Open the compaſſes ungo 38 gr. 30 m. 
from'C toward W, and prick chemdown in the meridian 
from CuntoP, ſo chis point P (hail repreſent che pole of 

theworld, -and through ic mutt be drawn all the hour» 
circles. 

Having chree points E , P,F, find their center which will 
fall in the meridian a little withouc the pointS, and draw 
_ into a circie E P F, which will bz the ciccle of the houc 
Of 6. 

Through this center of the hour of 6, draw an occalc line 
at ſength parallel coEF, fochis line hall contain che cencers 
of all the other hour-circles.. Where the circle of the houre 

of 6 croffeth this occaule line , there will be the cencers of the 
hour-<circlesof 9and 3; The diſtance between cheſe centers 
ofg and 3, will beequall to the ſemidiameters of che hour- 
circles of 10and 2. And wheretheſe two circles of 10 and 2 
ſhall crofſe this occult lines there will be che centers for che 
hour-circlesof 11 & 7,% 5 and 1. Again dividethe diftance 
betgyeen the centers of 10 and 2, incothree equall parts, (o 
the feet of che compaſſes will reftin two poincs: the one is 
the center ofthe houre circle of $, and che other the cencer of 
the hour-circle of 4. & the extent of the compailes ro one of 
theſe third parts ſhall be the crue ſemidiameter of theſe cir- 
cles if there be n0 error commiceed in the finding of the other 
.Centers- 


To find the declination of a Plane, 119 
The hour circles being thus drawn, take 51 gr. 30m.from 
Etoward F, and prick themdownin the South part of the 
meridian from C unto 4, and bring the third pcine E, 4, , 
into a circle, this circle ſodrawn, ſhall repreſent the equa- 
tor 
The tropique of & is 23 gr- 30m. abovethe equator, and 
66 gr. 30m, diſtant from the pole, and oin this latitude is 
will crofſe the South part of the meridian at 28 gr. from the 
zenith,and the North part of the meridian at 15 gr. below the 
horizon. Take therefore 28 gr. from Croward WF, and prick 
them down in the meridian trom CuntoL, ſo have you the 
South interſcQion, Then lay the ruler tothe point E, and 15 
gr. inthe quadrant N E numbred from Ntoward E, and note 
where it crofſeth the meridien , ſofball you have the North 
interſc ion. The half way between theſetwo interſeRiens, 
will fall in the meridian at the point aa aa, and the circle 
drawn on the center a , and {emidiameter a L, ſhall repreſenx 
the tropique of &, and bere crofle the horizon before 4inthe 
morning, and after 3 in the evening, about 4c gr. northward 
from E and F, according to the rifing and (erting of the San 
at his entranceinto 5 
The tropique of yyis 23 gr- 30 m. below the equator, and 
113 gr- 30m. diſtant fiom the North pole,ſo that in this lati- - 
rude it croffeth the South parcof the meridian at 75 gr. from 
the xenith,and the north part of the meridian at 62 gr. below 
the horizon. Taketherefore75 gr. from E coward W, and. 
rick them down in the meridian from CuntoT7, ſo have you 
the South interſc&iop, then lay the ruler tothe point E, and 
62 gr-in the quadrant N E numbred from N toward E and- 
note where it crofſeth the meridian, ſo (hall you have the- 
North interſe&ion. The half way between theſe two inter- 
G&Aions (hal be the center whereon you may deſcribe the tro 
ique of yp. and this tropique will croffe the horizon after 8 
in the morning, and before 4 in the evening, abour 40 gr» 
ſouthward from E and W,according totherifing and ſetting, 


of the ſun at his entrance into wp. 
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To find the inclination of any Plane. 


To find the declination of a Plaxe, 


For the diſtinguiſhing of theſe Planes we may find whe- 
ther they beherizontall, or verticall, or inclining to the ho. 
rizon , and how much they incline, either by che uſual incli- 
natorie quadrant, or by fitting a thiead and plummet unto 


the SeGor. 


Far let the SeQ&or be opened to a right angle, the lines of 
Sines tO an angle of 92 gr, theinward «dges of the SeFor tc 
90gr. and let a thread andplammet be hanged upon aline 
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parallel to the edges of one of the legs, ſo that leg ſhall be 
verticall,and che other leg parallel to the borizon. 
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>) Weheplade ſcemtobe'verticall Soyo of 2n up- 
per building) you may-tfie icby hoſing the Se8r,/ pr 
"che thread'tiay fall apon his phammectine.- Forthea che 
"verticalbedge of the Seffor ſhall lie loſe ro the planes the 
planeiseret, and'therefore ſaid tobe verticall; andif 
you draw a line by thatedge of the Se&or, it (hall be a verct- 
call line-''' - q HITS #726 5093 4231093. 2647 © 891 2076 FERRER 
' Tftheplaneſcemcobeleyel! with the hojizor', youmay 
crie ic by ſetting the horizontall legg of the S:&or 'ca the 
plane, and ho/ding the other legg upright: for 'then if the 
thread-(hall fall on his plummee line, whixrhway ſoever' you 
carne the Sefor, it is an horizontall place, {7 75 fn 
 Feheone end ofcheplanebe higher chea the otfier; ind 
yet nor verticall, icis an inclining plane, and yoa may find 
theinclinationin this manner. 2 LET 
Firſt hold the verticall legof the SeQor upright,and turne 
the terizontall egg about, untill iclie cloſe with the plane, 
and fie 'threall fall 6n his plumnier line';ſo thelinedrawn 
by theedge of that horizoncall legg, ſhall beanhorizontall 
line. -- | | 
- Suppoſe theplane cobe BG ED, and that BD were thus 
fourideo bethe horizo>ntalllineupon the plane, chen may 
you crofle theborizoncall line at right angles with a perpen- 
diculat GF: chat done, if you ſet One of thelegsof the S:Qur 
uponthe perpendicular lineC F, and makeche other lege 
with a thread and plamm:t to become vertical! , you ſhall 
have theangle RT artdcay line 'and the perpendi- 
etilargti the Plane; x3 beforein'the uſe of che SeFor, Page G2. 
«nd efie complement of thiy angle it the inclination of the 
DA rTP 


mn ,9% To fipdthe derhinujanof a Plant.” 
'i Thetlectinartoi of 5 Plas is alayen reckoned in the,h6- 
rizog between the Jie of Eait and, Welt , and che- horizon» 
rall life upon rhe plane. ' Asin the fundamentall Diagram, 
the prime verticall line (which is the line of Eaft and Welt) 
v7.3" Qq is 
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is ECF;jf che.horizontall line of che plans. propoſed ſball be 
BCD, theangleof declinationisECE.; 1($0i535::2: 353 

-  Butbecauſea Plane may decline divers wayes,. that we 
may the betcer diſtinguiſh cher 5 wi confider three lines be- 
longing to every Plane: che ficſtis the horizontall line ; the 
ſecond the perpendicular line, crofling the horizontall at 
right angles ; the third theaxis of the plane, croffing; both 
the korizoncall line, andhis-perpetndicular, and che plane it 
ſelf acright angles. . ' {| + | 

The perpendicular line doth help to finde.the inclination 
ofthe plane as before , the horizontal ro'finde the declina» 
tion, the axis to givedenomination unco the plane». -. .. 

For «xamphle,io a nucg plane in the:fendamentalldia- 
gram repreſented by. FZF, the horizancatline is E C FF, the 
ſame wick theline of Eaft and Weſt, and therfore nodeclina- 
tion; the perpendicularcroflingit is CZ, the ſame with the 
verticall ling,drawn from the center:to the zenith, right un; 
tothe horizon,and therefore no inclinatjon.: {The axizoftbe 
planeis SC N,heſame with the meridian line, drawn from 
the South to the North, and accordingly gives thedenomt» 
nation to the plane. For the ptane having twofaces, and the 
axis two poles, Sand N; the pole falling direR!y into, he 
South, doth cauſe.char face ro which it is next to;be-called 
the South face z and the other pele ar N, pointing into the 
North, doth give the denomination to the other face, and 
make icto be called the North face of this plane. | 

In like manner in the declining inclining plane in the fun- 
damentall dlagram repreſented by.BFD, the horizoncal line 
1 BCD, which. croffech the prime vertical line EC, and 
therfore ic is called a declining planegaccording tothea 
of declination ECB or W CD. , au ndicular tothbis ho- 
rizontal ling.is CF,, where e point F falleth in the plane 
®7Z Hperpendicularto the plane propoſed, between theze- 
nich and.the North part of the horizon, and therefore it is 
called a plane xclining tothe Northward, according.to the 
ark F©, or the angle FC9. The axis of the plane is herere- 
preſented by the litieC A, wherethe pole, K-is 50 g-diftant 


1) from 


Fofitidehe (45-0 tlewef Plane, 
fro theplane,"aidd/Oifes much above the horizon ac H 
indihe ccher pole as'mucts below the horizon at Q', as che 
lane at F is diſtanc from the'iz-nith : arid this pole K here 


ling between the meridian and the prime yerticall circle - 


Inco che Southweſt patcof the:world, this upper faceof rhe 
plane is therefore called the Southweſt face, and the lower 
che Norcheaſtface of the plane; : ' 
Thedeelination from the prime vertical may be found 
by the needle inthe uſuall inclinatorieQazdrant, or rather 
by comparing the horizontall line drawn upon the plane 
wich che azimath of the San and che meridian line, in ſach 
| fort as betore we. found the variation of the magneticall 
needle. For take any boord that hach one fide ſtraight, and 
draw as in che laſt diagram theline&O parallel tothar fide, 
and theline Z Aperpendicularunto ic, and on the center Z 
make a ſemicircle EM G: this done, hold the boord tothe 
 plang, ſoas HO may beparallel coBD the horizoncall line 
on the plane,and che boord parallel to the horizon, then the 
San ſhining up2n ic,ho!d out a thread and plummec,fo as the 
thread being verticall;the ſhadow of the Sun may fall on the 
center Z, 414 draw cheline of ſhadow AZ, repreſenting the 
common ſcion, which the azimuth of the Sun makes with 
theplane ofthe horizen;and let another cake the altitude of 
the:San actheſame inſtanc : ſo by reſolving a triangle, as] 
ſhewed before, pag. 65. you may finde whac azimuth the Sun 
avin when togaveſbadow upon AZ, 2 
. -Huppble che'azimuchuo be (as before pag- 64.) 72, gr.52. 
from theNorchs ro the Weſtward, and therefore 17 gr. 8 m. 
from che Welt; ! we may allow theſe 17 gr, $m. from A unto 
V,and drawrhkelineZV, and ſo we haveche crue Weſt point 
of che prime verticall tine: then allowing 90 gr. from V unto 
2we'ha ve the Bourhipoine of the meridian line-Z 5; andthe 
imnet6HZF haik giyerhe dechinacion of the plane from the 
verde! ;7aad itheangle0Z8rhedettination of the plane 
from ihe nievidian. : 9 to 37G 1973TO 3 31 ) 3 \ , 
7' O? we tnay'take. out onely tho angle: AZH, which the 
line of ſhadow makes with the horizontall line of» the phatie,! 
38 2 an 
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ad. compare it. with the angle 4-Z Fowhich.the line of ſhe- 
rem ma he prime-verticall..And ſo hereif AZ 
the Sues Azimuch{ball be -17 gr: $#9-paſt the Welt , and 
yet the line of (hadow AZ 7 gr. 2 m ſhort of the plane, the 


declination of the plane ſhall be 24g7-20-m. as may; appear. 


% 


byhe fice of the plapeand the circles. :j/- ut hf (0 

© If the altitude of the Sunnebe taken at ſach time. as ithe 
fhadow of the thread falleth oo BDor HO, and then atri- 
angle reſo! ved, the dectination-of ctheplane will be ſuch as 
the Azimuth of the Sun from:the prime verticall. 

If at ſuch atime as theſhadaw falleth on Af Z,: thedecli- 
nation will beſouch as the Azimuth ofthe Sanne from che 
meridian: Hh .-? /f 
If it be a faire Summers day you way firſt find what alti-: 
tudethe Sunne will have when he cometh to bedue Eaſt or 
Weſt, and then expe untill he come to that altitude; ſo the 
declination of thepl ane ſhall be ſuch as the angleccontained: 
between the line HO and cheline of che ſhadows: 


Having diſtinguiihed the Planes,. the next care will be 
wreaks placing of the.ityle;'and the drawing of: the houre=- 
INES. i a fv ig 3 rha{in + 100: 79 
The ſiyte will be as the axis. of che world, ſomerimes pa*: 
rallel tothe plane, ſometimes perpendicular,ſometimes; cut 
the pope with obliqueangles, + oe - ; 
he houre- lines wii be.cither-parallel ane:to; the, other, 
or-meet in a cemger with” equall angles: or:meet with an- 
equall angles, \Ifche fyle be perpendicalar wotheplang,che 
2pglesat thecenter will be £quall;- and ehis falls.ous - only 
in the Scuth and North face Of the equincQtiall plane: 'ifthe 
fiyle be parallel totheplane, the houre-lines will be alſo pa» 
rallel opexCanother;; and this falls outin all polar . planets 
22 ine Egllgnd Weſt meridlin planes parallel tokhecircle 
of the bevre of 22, inthe nppetadd lowerire polars pa- 
rallel tothe circles of the houre of 6, and intheupper and. 
lowerdeclinirigpg)asdwhich artparalie] toany ofthe other 
houre cinelede; oil annua of ana foto boddeg wh d] ond 
wf3 br "hs 2.0 8 


 Tafindclavehlnaionof able: — 125. 


Rota the borizontall and all other plancaghe: fylewil}: 
ds planz withan accute apgle, and. the howre- lines: 
will meet at the reot of the _ and there-make une- 
quall angles. | 
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Ti P dew the bourt-lines "op an wo; 
|  nobltall Planes 


"Ne quino&iall lane is that which — to ihe 
\ cquinoBtal: cirele bere A ETINN by £AY ————__ 


as 
eunenn 


es 
SEG 
wg : LOSS 
- ”” - 
7 
[4 Po 


ſpives | hdeweek' che houteTireles beiageqirall,” there? f2nc 
need of further prevept ,:bat onefy' to dralvin”cirele Andie 
divideitinto 24 equall parts fro che 24 houres, andfab» 
divide each houcre into halves and quarters, and then to fer; 
qpehe fyle perpendicular to the planein the center of the 
circle. The help which theſe lines of proportion do here af- 
ford us, is onely in the diyifien of the circle, which may be 
done readily by thae which I ſhewed before, P ag. 36. 

For example, ſuppoſe che ſemidiameter of che cquinoRial 
circleto be fix inches, and chat ic were FeduireItoloow che 
diſtance of che houce-poikts:tzch rom other: here cach 
boure being 15 gr. diſtant fromocher, Iextend the compaſ- 
ſes from the fine of 30 gr-nnto the fine of 7gr.,30 mr. the haff 
of 15 g7- and finde rhe Came excent to reach-inche line. /of 
numbers from 6. 00 unto 1-56, ; 


Oc incrofſe workT extcad them from the fine of 3o gr. 
unto 6. 00 in,che lineof numbers, the ſame extent will reach 
b-- from the fide af 7 gr. 30 w.unto 2.56 intheline of numbers; 
== which ſhews that ina circleof fix inches ſemidiamerec, the 
-” dif the houre-points each from other will be about 
d 56 centeſaes or parts of 160. The like reaſon hofds 
of all ether chords in che Prop.-followtng, 
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| Toaraw the houre-lines in. a dirett 
polar Plane. 


to the hour of 6, here repreſented by EPIW, 
herein the ſtyle will be parallel co the plane, 
and the heure-lines parallel one co the other; 
and cherefore may be beſt drawn by that which 
Ihaveſbewed io the uſe of the Se&owr. They nay 
be alſo drawn by the help of.cheſe. lines. of pro» 
portions/in this'manners _- . : | > 037 


4 A Dire& polar plane is that which is parallel 


and the Zquator,. and crofle ic at the point C, a- 


bouc the midle of the line with C'B anatber | ll 
right line, which may. ſerve. for the meridian ba | 


andthe bourecf 12, 'and muſt alſo bethe, (ub-, 


fiylar line wherein zhe iyle.. ball tand-. Then, | ,[ 


to proportion the ffyle unto the plane, confi- 


der the length of clic horizontall line, and what |. 


houre-lines you would have to fall on your 
plane. Ee OO Y 
For the diſtance of any one houre-line from 


the meridian being known , we may tinde both || || 


The de ſeripts on of the bears lime | 
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the length ofthe fiyle, and chedittance of tha] M1 "i | 


reſt : becauſe, 


"As the tangent of the houre given, 
is tothe dittance of the meridian:> *- 
So the tangent of 45 gr. 
-- totheherghrof the ſiyle, 


Suppoſe 


. do 4 & 4 


| __ of the horizontall lineto be 12 2 inches, 
= required t6 put oiralhthe hare: lines from 
ftining anco 5 in the evening. Here'wehave5ihours 
either fide of the mietIdian. VhereforeF allow: 
pure, and extending the compaſſes frqm che 
or; wees; | find the ſame extent eoreach in the 
me Fad eee I colts hows ol it 
ie iyle, '4nd the aMance of the houre- bes 
3 op the meridian tobe 1 Inchy 61 Parem- © HL 16" C08 


"Fit ve: 77 : 'Þ: 

onne: the Tangent between 
bas: OR ETON FP 23 52008 | 
ii Pl oo TN to 93:&H'f of; . s ; | 

zgent of JEL LT POR: 
ht of the fiyle | 
gch of the __ line between hs mb ; 
yhoure-points: 22 Tk ' 39 hit 6c 20 


ring found the length of che file in our exam: 
ple, 


Thedeſcription of the houre+l ines. 29 
Pleto be 1.61, if I extend thecompaſſes from the tangent of 
45gr- untothetangent of 15 gr. themeaſureof the firſt houre 
from the ſubRiylar, I ſhall find theſame extent to reach in the 
line of numbers from 1-61 unto 0.43,forthe length ofthe tan 
gent between the ſubliylar and che houre-points of 11 and 
I, If I extend them from the tangent of 45 gr. unto the 
tangent of 75 gr. the meaſure ofthe fift houre , { ſhall finde 
them to reach in the line of numbers x [an.po Tang, 
From 1.61 unto 6. 00. for the length of ;**® {Mnf - 
the tangent from the ſubliylar co the —— | ——— 
houre- points of F7 and 5. For howſoever FEY 
.it be the ſamedilſtant in tne lineof can+ 11.1/15 00 43 
,gents from 45 unto 75 as from 45 unto F. | 


4 


'I53yet becauſe 75 are more, and 15 lefſe 1%: 5139 90 93} 
'then 45 , the tangent lines that anſwer | 93145 ©j1 61 
;tothem will be accordingly more or lefle | $-4]60 O'2 75 
then thelength of the fiyle. 75175 ©'6 oc 


6. 6190 © Infin. ( 


W 
« Again, if Iextend them from 45 gr. in the cangents unto 
'30gr.the meaſure of the ſecond houre , I (hall finde them to 
teach in the line of numbers from 1. 61. unto 0. 93 for the 
houreof 10and 2:if Iextend them from the tangent of 45 
g untathe cangent of 60gr. for the fourth honre, I ſhall find 
them to reach in theline of nambers from 1. 61. unto 2 79, 
and ſuch is the length of the cangenc line from the ſubilylar 
'unto.the boureof 8 and 4. And the like reaſon holdeth for 
the lp{cribing of all other cangenc lines in che propofitions 
Dor tak rangents as fall under 45 gr. Imay betteruſe 
croffe work, and extend the compafſes trom the tangent of 
45 gr-Unto 1. Gt in the line of numbers, ſo ſhall I finde che 
fameextent toreachfrom 3ogr. in the tangents, to 93 parts 
fathe lineofnumbers, forthe diſtance of the ſecond boure, 
and from 15 gr. inthetangentst043 parts for the diſtance 
of the firſt houre from the meridian, 


| Ke 143. * Re L | .Or 


1 VB 4 ; 
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E - Oc if this extent from 45 gr.backward to 1. 61 be too large 
| for the compaſſes, I may extend them forward from the tan- 
genc of 5 gr. 43 #m. to 1 6I parts in thelineofnumbers,and the 
ſame extenc ſhall reach from 15 gr. in the tangents, to 43 parts 
in the line of numbers, for the diſtance of the fir koure; and 
for 30 gr. to 93 parts , for the diſtance of che ſecond houre, 
as before. 

Hiving found the length of the tan- 


gent lines in inches and parts of inches, 


— 


+: — —— 
= Ang Po Tang, 


and pricked them in the zquator on both | 8 \'Gr- M. In pa, 
fides of the meridian,from the center C; | 6] o _ 
if we draw right lines throngh each of — |" # 

l 3-45 ©55 
thoſe points, crofling the zquator at 7.30. 1.32 


right angles, they ſhall be the houre- : 
lines required 3 andif we (eta ſtyle over Ih 15 I 
the meridian, ſoas theedgeof it be pa-- 


rallel tothe plane, and the height of ic ag 
be as much aboyethe meridian as the di- py yo 
ſtance between the meridian and the | [i=e 15 
houre-points of 3 of 9, it ſhall repreſent S " tx he 
the axis of the world, and be truly placed | 33. 45 


forthe caſting of che (ſhadow upon the* 37-30] 7-67 
houre-lines in a polarplane, 41.15 


CHAP. IH. Fg 


To draw the houre-lines in a 

meridian plane. © 7 pre 

TY ; £7 are 

A Meridian plane-is thacwhichis pas. . |. 715 29.46 

rallell-to the meridian circleir the - [i 72 037432 

fnndamentall diagram repreſ-1:ced by SZ 78-4515 9927, 

N; ithoth two tices, ,one to the Eait | $2.30 75:94] 
1 


m—_———_—_—_—— 


and the other to the Weitz in each of 86.15(1 52.57 
: them the fiyle will be paralicll co the [22 !90: ol Inf: 


— 


— plane 


4 a. 


Wy 35 1 Bo 
. «li; 


 Inameridian Plan: _. 13- 
plane, andthe houre-line parallell one to the other, as in a 
polarplane, the difference being only inthe placing ofche 
#Juator, and in numbring of che houres, 

For in theſe meridan planes baving drawn on occult 
verticall fine CZ, and an occult hocizontall line C N.croffing 
one the other ac cight angles in the point C, the xquacor AC 
will cut the verticall wich an angle Z CA, cquail cothe laci- 
tude of the place: then may Wwe croflz the Zquator at right 
angles wich the line C B for the houceof 6, and from this ter 
off the houre-points in the xquator as in the former Prop. 
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7 For ſuppoſing the length of the flyle C B to be ten in- 7 
J- ches , thelength of the tangent line belonging co the titt 
_ houre will be 2 in. 68 p. the length'of -the ſecond 5in 77 p. as” 
*5:7D Rr 2 in 
iT 


, | 


In the TabJe. Then the cangent of 15 gr. being, pricke down 


| meridian plane. 


| Cented inthe fundamental) diagram by | 6 


A Ew A 4a 


inthe zq uator on both ſides from 5 , ſhall. ſerve for the 
houres of 5 and 7, andthe tangent of 30 gr. for the houres 
of 4 and 8, and ſo in the reſt. This done,, if we draw 
right lines through each of theſe points, colling the zqua- 
tor at right angles, they ſhall be the — — SR: 
houre lines required : and if we ſet a\Laticud 51 30) 
ſtyle over the houre of 6, fo as the I Ang Po] Arc. Pla. 
edge of it may beparallell to the plane, © ge: M./Gc. M. 
and the height of ic may be equall\;,;] o 70 
to the diſtance betweene the houres|— W775 
of 6 and 9 in the zquator, it ſhall 7 30 p 
repreſent the axis of the world, and| |, 15 
betruly placed for che caſting of the| 1,5 
ſhadow upon the houre-lines in a |—,—— 


22 30 17 5 
| - I5!21 G 
Oo 

CHAP. IIII. _ 4 20 
(33 4 7 of f 
$a =—Þ* I 
To araw the houre-lines.in an 41 15134 28] 
hortzontall plane, =, D.; 

48 4542 45 

52 30145 34 


AY horizohtall plane is that which 56 15149 - 30 
isparallell co che&horizon, repre-| 460 ol53 35 


the outward- ciccle E S WN, in (67 301g, 6 
which the diameter S N drawn | Sd 


from the Sorth 'to the North, may | $75 
go both for the meridian line and the 2s. ; 
meridean circle, Z for the zenith, P | _ |7® ies Ki 


| ——n—or—— — 


for the pole of the world , and the | j*2 32j80 25 
circles drawne through P for the |  |*® "5jB5 3 
hourecircles of 3.2. 3. 4. &c.as they 6 90 oo o 
arenumbred from the meridian. | | 

| | v2 14 Theſe 


i# ih borizontall\Plane, & Y 23 
* Theſe are <qua!l at the pole and ac the zquator but un» 
efaaly aMantit thettiorizon, thediſtancebetweeifthe mes 
== and the firit houre beiog not full/ 12 gr. the diſtance 
berween the fifc and fixth houre above 18 gr. which inequa- 
lity. bring obſerved, if you ſuppoſcright lines, drawn trom 
the center C to the Interieions of theſe/ houre circles 
th the horizon, the lines fo drawn ſhall: be the houre- 
lines herdinquired: And-then'if you canimagin a line'drawn 
from the center C, toward P the poſe of the world and 
raiſed above the metidian line C N fo as the angle P C N 
may be equall tothe latitude of che place, this right line 
CP ſhall bethe axis of theſtyle. And fo you have both iyle 
and houre-lines ready drawn to your hand. Bat more parti- 
cularly to our purpoſe. | 
- Theſe houre-circles confidered with the meridian and the 
horizon , &> make divers triangles, PN xz,P N2,PN 
3- in which we liave known firſt the right angle at N the 
North interſe&ion of the meridian and the horizon; ſecondly 
the fide P N, the ark of the meridian between the pole 
and the horizon, which is alwayes equall to thelatitude of 
theplace ; thirdly the angles at the pole, made bythe meri- 
dian and the houre-circles, the angle NP 1 being 15 
gr: N P 2 30 gre each houre 15 gr. more then other, 
each half houre 7 gr. 30 #. each quarter 3\-gr. 45 Ms. as 
in the ſecond column of this table. And theſe three being 
known. we may finde the arks of the horizon between the 
meridian and the houre-cicclesN 1, N2,N3, &c. For. 


\-As the fine of 9g0gr. 
- ts tothefimneot the laticude: 
Sothe tangent of the houre 
to the tangentof the houre line 
from the meridian. 


_ Extend the compaſſes from the fine of go gr. to the fine 
, of thelaticude, ſothe ſame extent ſhall reach from the tans 
gent of the houre, tothe tangent of che houre-line from the 

r 3 | meridian, 


, ag he deſtription of the heart lines 


meridian. Thus the latitude being 51 gr. 3o m. I extend 
the compaſics from the fine of go gr,to the fine of'5 1.gr. 30 
mand tind the ſame extent to reach from the tangen: of 3 
45 m. unto the 'tangent of 2 gr. 56m for the diſtance 
of rhe firti quarter from the meridian ; amd from therangent 
of 7 zr. 30 m. unto thetangent of 5 gr. 52. m. for the halfe 
res ; and from the tangent of 11 gy. 15: to: The (ran- 
gent of $gr. 51 m- forthe third quarcery and: fromithe'c .n 
genr of 15 pr. © m. UntO 11 gr. 50 m. for rhe fict houre: 
andſothereft, ay In rheicthird 'columne of thiscable under 
theti:le of the arks of che plane: : 
- Qnely when OY: to ot one foot of hwociagals we; 
$2. HY 48 gr 


< "01 bb 
ihe, * Op 


in birizontal Plans; 
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48 gr. 45 m. for the finding of a quarter paſt 3, the other 
foot will fall ont of the line, and then I may either take out 
ſo much as is out of tht line beyond 45 gr. and turn it back 
into the liue, and it will reach from 45 gr- to41 gr. 45 m. 
or I may uſe crofſe worke, extending the compaſſes from 
the fine of 90 gr. to chetangent of 48 gr. 45 m- fo the ſame 
extent wil reach frum the fine of 51 gr. Zo m. to the tan- 
gent. of 41 gr. 45 mn: And luch is the diſtance of the line of 

3 houres x from the meridian. | 
This done, I come tothe Plane, and there according as the 

| lines do fall in the fundamentall diagram , 

1] 
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x Idraw a righclineSN ſerving for the meridian, the 
houre of 12 and che ſubſtylac. | | kh 

| 2 Inchis meridian I make chaice of a center at C, 
and there deſcribe an occult circle "repreſenting the hork 
ZON- 

3 Ifindachordof 11 gr. 50 m. and inſcribe it into this 
circle on either fide of the meridian for the houres of 11 
and 1 ; in like manner,a chord of 2 gy. 20m. for the houres 
of 10 and 2; and a chord of 38 gr. 3 ». for the houres 
of 9 and 3; andfofor the reſt of the houres, their halves and 
quarters. 

4 Idraw righclines through the center and the termes 
of theſe chords , and theſe lines (0 d: awn are the houre-line 
required. | Bs 

Theline belonging to the houre of 6 will be perpendi- 
cular to the meridian, and the houre-lines before 6 inthe 
morning, or after 6 in the evening may be ſupplied by 
continuing cheir oppoſite houre-lines beyend the cencer. Ag 
the houre line of 7 in the morning continued will be the 
houre-lineof 7 in the evening and ſo thereſt. 

- - Laftly, I (er up che ſtyle over the meridian, fo as it may 
cut theplane inthe center, and there make an angle with 


the meridian equall to the laticude of the place, fo it ſhall 
repreſent the axis of the world, and be truly placed for | 
caling of the ſhadow uponthe houre-lines in an borizontal 


plane. 
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CHAP. V. 


To draw the houre-lines in aver- 
ticall Plane. 


A Virticall plane is that which is parallel to che prime 
verticall circle in the fundamentall diagram repreſen- 
ted by EZW. It hath two faces, one to the North, the other 
, tothe South; in each ofchiem che ſubſtylar will be the Came 
ith the meridian line, and the angle of the ſtyle above the 
ane will be equall co Z P the complement of the latitude 
and the koure- lines here inquired may beſupplied by ima- 
gining right lines drawn from the center G to the interſe&i- 

: houre circles with EZW. 
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E: JO. = A co 
is tothe epfinef the latitude: 

entof che houre” _ | 
oure-line from themeri- 


from thifneof 90 77. to the fie. - 


of the eomplement of the latitude , ſo the ſame extent ſhall 
reach from the tangent of the houre, tothetamgent of the 
houre-line fromtbe'meridian. 

Thos in thelatitude of 5x gr. 30 m. I extend the com- 
paſles from the fine of 90 gr.co the "* of 38 gr. 30 Mm. _ 
| - | S n 


133 The deſcription of the boure-lines in awerticell Plane, 
find the ſame extent toreach from the tangent of 15 gr. to 
the tangent of 9 gr. 28 m. for the diſtance of the firſt houre 
from the meridian: and from the tangent of 75 gr. unto the 


tangent of 66 pr. 42 m. for the fift hour : and ſo inthe reſt as 
in the Table tollowing. 


"Y Www TR” EP” 2D CEC LY 


Theft a: ks being known, Imay- comeco the planes and 
there by helpof a thread and urea res i vereicall line 
ſerving both forthe meridian andetwehoure of 12, and the 
fobſtylar; then taay Edraw aooccate vertirall circle, and 
there in inſcribe the chords of choſe former arks, and _ 
cac 


-» bg R 


" 2" 0 a; 


the houreslines, and ſet up the ſiyle, 
as before in the borizontall plane. 
If it be the South face of the plane, 


lower partof the meridian line, and **| © ; = 


the ſtyle-point upward in all ſuch pla» 
ce8 as are to the Northward of the 
equino&iall line, as it may appeare 
by conſidering how the lines do fall in 
the fundamentall Diagram. 


the. 
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CHAP. VL. 


To draw the houre-lizes 
in 4 ruerticall excl; 


ning pane, 


Ll-choſe Planes that have their 

horizoneall line lyieg Eft and 
Wet, are in that reſpe& Gd © be 
yerticall if they be alſo upright and 
paſſethrough the zenich, they ace di- 
re& ertica 83 if.chey incline to the 
pale they are dire& polars:. if to the 
equigoRiall, they ace properly called 
before : if to nane of- thele three 
psinrs, they are then called by the 


Latitud Ir 
the center will be upward, and the _— 
ſtyle muſt point downward; if the © 226-toAre.Pla 


North face, the center muſt be in che —T \ Gr. M. 


The deſcription of the boure-lines I29 


Do — 


ol 


hk 
TX) 

Q 

O 
\© 
wh 
+> 


9 
| 
Wi 
a | 
Wyo 
po 
A 
Þ> 


[ 


equinoRall planes, and aredeſcribed : 


$6 .15{84 *þ 


'_5}go. .ogo of. 
generall name of inclining verticals.  * ., 


Theſe way incline eicherto.che North pars .of the hori- 


£97, or to the Soughz andeachof them hack cub: faces, 
"6 2 


one 
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one to the zenith, the other tothe nadir, in which we are 
firſt co conſider the height of the pole above the plane, by 
comparing the inclination of the plane co the horizon, with 
the laticude of the place. 

As in ourlaticudeof 5: gr. 30m. if the declination of the 
plane EIF' in the fundamentall diagram fhall be 13 gr. 
Northward, that is, if I Ncthe ark of the meridian between 
the plane, and the Norch part of the horizon ſhall be 13 gr. 
we may take theſe 13 gr. outof P N51 gr, 30m. theelevation 
of the pole abovethe horizon , and there will remaine P 1 
38 gr- 30 m, for the elevation of the North pole above the 
upper face of the plane, and therefore 38 gr. 30 mw 
for the height of the South pole above the lower face of 
the plane. | | 

Or if the inclination of the plane ſhall be found to be 62 
grato the South ward,we may number them in the meridian 
from © che South part of the horizon anto L, and theredraw 

the arke E LV repreſenting this plaine z fo the arkeof the 
meridian P L fhall give the height of the North pole above 
the upper face of this plane to be 66 gr. Zo ms. and therefore 
the height of the South pole, abovethe lower face of the 
plane isalſo 66 gr. 30 m. 

Inlike mannerif che inclination of the plane ETV ſhal be 
© 15 gr. Southward, thatis, if ST the arke of the meridian 
berweenthe South-part of the horizon and the plane,ſhall be 
15 gr. The height of the North pole above the upper face of 
the plane, and the height of the South pole above the lower 
face of the plane, will be alſo found to be 66 gr. zom, - 

Bur-if the plane ſhall fall between the zenich and the 
North pole, then will the North pole be elevated aboye.the 
lewer face, and the South pole above theupward face ofthe 
panes as may appear by the projeRion of the ſpheare in the 

andamental Diagram. | 

Then in the triangles made by the plane, the meridian, 
and the hoare-cirgles, weliave the fide which is the” height 
of the pole above the plane, together with'the angles at = 

Ic , po [ 


%- 


in avetical inclining Plane.” ' £47 
pole, and che right angle at the inrerſe&ion of the merid!” 
an wich the plane, by which we may findethe arks of the 
plane between the meridian and the houre: circles, after this 
manner. 


As the fine of 90 gr. 
is to the fine of the pole above the plane: 
So the tangent of the houre 
tothe tangent of the houre line from the meridian... 


Thus in the former example, where ÞP Ithe height of the 
pole above the plane was found tobe 38 gr. 30m. if you ſhall 
extend the compaſles from the fine of gogr. cothe fine of 38 
gr- 30 m- the ſame extent will reach from the tangenc of 15 
gr. unto the tangent of 9gr. 23m. for the difiance of the firit 
houre from the meridian, and from 30 gr. unto 19 gr. 46 mm 
for the ſecond houre, and (ſo forward as in the dire& verti- 
call. 

And for the two laſt examples, you may extend che com» 
paſſes from the fineof9 © gr. unto the fine of 66 gr. 30 m: © (0 
the ſame extent ſhall reach inthelineof tangents from 15 gr- 
unto 13 gr- 48. for the firſt houre, from 75 gr. unto 73 gr 
43 m-for the fife houre, from 30 gr. unto 27 gr. 54 me. for the 
ſecond houre, from 60 gr. unto 57'gr. 48 ws. for the fonrth 
houre, and from 45 gr-unto 42 gr. 31 m.for the third houre 
from the meridian. 

Theſe arkes being known, you may firſt draw the hori. 
zontall line, and crofleic in the middle with a perpendicular 
that may ſerve both for the meridian and the houreof '12, 
and the ſubſtylar;. then knowing which poles elevated: a« 
bove the plane, you may accordingly make choice of a fie 
point in the meridian for-che center of your houre+-lines,and 
thence deſcribe an occulc ark of a circle, inſcribe the chords 
of thoſe former arkes,and draw the houre' lines, | and ſerup 
the fiyle,as Lihewed before in thehorizontallplane. 


S(3 CHAP. VEI. 
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CHAP. VII. 


To araw the houre-lines in 4n vertical 
declining Plane. 


Llupright planes whereon a man may draw a verticall 

line, are in this reſpe& (aid co be vercicall; ifchey ſhall 
alſo ſtand dire&ly Eaſt and Weſt, they are dire& verticals;if 
dire&ly North and South,they are properly called meridian 
' planes,and are deſcribed before:if chey behold none of theſe 
foure principall parts of the world, buc fball and between 
the prime verticall and the meridian,they are then called by 
the generall name of declining verticals. 

Theſe have two faces, one to the South , the other to the 
Northward, which may be diſtinguiſhed in theſe Northerne 
parts of the world after this manner. If the Sunne coming to 
the meridian ſhall ſhine upon the plane, ir is the South face; 
if not, i is the North face of that plane- Again, if the Sunne 
ſhall ſhine upon the plane at high noon, and yet longer in 
the forencon then inthe afternoon , it is the Southef} face; 
if lopger in the afternoon then in the forenoone, it is the 
Southweſt face of the plane. Bat how much the declination 

cometh to, is beſt found as before. | 

When the declination is found,there be fore things more 
to be canfidered before we can cometo the drawing of the 
koure-lines- SES Me 30 OT; 27 222, Ln 

1 The meridian of the plane and bis inclination to the the- 

ridian of the place. gi EDT £352 | 

2 The heighe of the pole above the plane.” 

3 Thedifiance of the ſubſiylar frem the meridian lice. 
| 4, Thediftance f each hourelinefromthe ſubfiylar. 
- And theſe foure mey alt 'berepreſented in'the' fandamei- 
tall Diagram azinthis example. 
Suppoſe that in our laticude of 51 gr. 30 #» northward che 
declination 


The deſcription of thek oave. lines, 
declination of an uprighe planes vide Þ 9g. 146 lin. 20. 


In thetriangle PRZ we know the angle atR eco be a right 
angle, and the angle at Z,for itis the complement ofthe de- 
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clination,and the baſe PZ for ir is the complement of thela- 
titude. And theſe chree being known we may find the 0» 
therangleR PZ, which is the angle of inclination between 


both meridians. 
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144 - The deſcription of the houre-lines iu 
So the tangent of the declination 
tothe cangent of inclination of meridian. 


Thus in our former example Iecxtend the compaſſes from 
the ſine of the latitude 51 gr. 30m. unto thefine of 90 gr. 
the ſame extent will reach in the line of tangents from 24 gr 
20 mm. the declination givengto about 3ogr.and ſuch isZP RK 
the angle of inclination berween the meridian of the place 
and the meridian of the planezand therefore the meridian of 
the plane will here fall upon thecircte of the ſecond houre 
from the meridian of the place (as it may alſo appeare by 
opening the compaſſes to the neareſt extent, berween the 

-pole and the plane) and there Iplace the letter R to make 
this reQangleP R Z, 


2 To find the beight of the pole above the plane. 


BE. 7 - _ Theheighc of the pole is to be meaſured in the meridian of 
= -* , - theplaneit ishererepreſented by the ark P R, and may be 
Tp=/ 5 PRE by chat which we have known in the former triangle 
15, Er ae of * 


o i” 
K " > As the fine of 90 gr. | 
© 7 $2. W -.. tOthe cofine of the latitude: 
£1 'So the fine of the declination 
xd, _-—__ -totheline ofthe height of the pole above the plane. 
2, ( 
wy j = fomme > che compaſſes from chefine of 90 gr-1 unto the ſine 
gs 4 Cp OM. che comp ler. __ Etecicude,/and ele ſame 


be extoeac wi <xclifromt tha fide — cotuplemens | 
e. SE untothe ine SS. x o@P ? | 
h Ti m—_ Ix 


Or ity you {laſt eo ah ak ge of the inclinati- 
on of hens two meridia perepapacion will hold. | 


As the fine of 90 gr. 
to the cofine of theinclination of meridians : 


A 4 vertivel declining Plame. 145 
$o the corangent of the latitude 
$0 the tangent of the height of the pole above the plane. 


And then you may extend che compaſſes from the fine of 
90 gr- unto the fine of 60 gr. the complement of the inclina« 
tion of the meridians, and the ſame extent will reach from 
the tangent of 38gr. 39 m. the complement of the laticude, 
unto the tangent of 34 gr. 33m.and ſuck istheark P R, che 
hight of che pole above cheplane. 


3 Tofindthe diſtance of the ſubſlylar from the meridian, 


This is here repreſented by the ark ZR,and may be found 
by chat which we have known in the former criangleP RZ. 


 Aithefine of 90 gr. 
' *totheline of che declination - 
So the corangent of the lacitude 
co the tangent of the ſubſtylar from the meridian. 


Excend the compaſles from the fine of 99 gr. unto che fine 
of 24-gr. 20 m7. the declination given, and the ſame exteng 
will reack from therangent of 38 gr. 30m. the complements 
of rhe latitudegunto the tangent of 18 gr. $ x. and ſuch is the 
ark Z R, the diſtance of the (ubftylar trom themeridian, 


4 To flud the arflance of each howre-line from the ſutſtlar. 


' Thediftances of che houre-lines from the ſubſiylar, are 
here repreſented by thoſe arks of the declining verticall be. 
longing tothe plane, which are intercepted between the 
proper meridian of che plane and the houre. circles. 

'Tothis purpoſe we have divers criangles made by the 
declining plane, together with his proper meridian and the 
houre-cireles. In theſe we have knownyfirkt the right angle at 
the incerſeQion of the proper meridian m_ theplanez then 
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46 The deer iptignaf\tha bevenlines 39 
the fide which is the hight. ofcbepole above the plane; and 
thirdly the anglesat.the pole, For knowingtheangle of in» 
clination between the meridian of the plane and the mert- 
dian of the place, which igalwaystho heuge of 132. we 8y 


finde-the angle between the meridian of .the plane and. the, 
houreof 1,by allowing.in 15 gs..andtheanglabatween the, 


meridian of thep)ane and che houre of 2, by-allowing. in.30 
gr. aud ſofor thereſt, which being.known and ſet downin 2 
table,we may finde che arks of the plane from the ſubliylar 
to the houre-circles, in this manner. 


Asthefine of 90 gr. : | 
to the fine of the hight of thepole above the plane: 
So the tangent of the houre from the proper meridiang 
to the tangentof the houre-line from the ſubſiylar. 


\ i S £2 => < &* I Fa "i 


Thus in our laticude. of 51 dogrees 139 map es, , if the 
declination of an upright plane ſhall be tound to be 24 gr-20 
me. from the prime verticall, the one face open tothe South- 
weſt, the other to the Northeaſt, I may number theſe 24 gr+ 
20m. inthe horizen of the fundamentall Diagram, from;E 
unto B, according to the fityation of the. plane , and-chere 
draw the verticall BZD, which ſhall repreſent the. plane 
propoſed. £341 

The two poles of this plane will fall in the horizon at; H. 
and ©, and therefore the proper meridian drawn through 


the poles of the plane, and thepoleotebemrorla muſt bathe. 


circle I Þ ©, whith here croffeth the plane ar right angles 
inthepoincR, and inclinethtoP Z 8 the meridianof the 
place,according to theangleRP Z, | 
Thequanticy of this inclination may be readily found by. 
the houre circle where the proper meridian falleth. As here 
it falleth on the ſecond houre clrc le, and ſo-the inclination 


18-30 gy! ©" + FE ONeR TO | ic: 4 

. The beight of rhe pole above the. plane which giveth the 
heighe ofthe file aboverhe ſubfiylarig here repreſented by 
the ark P R, For asin tht Horizontal}, fo in this and all 


other 


*\ 1s v9 deliving Pe Th 
other planes thelineCP theaxis of the world Is alwaics the 
agis of cheftile, and the neereſt line that can bedrawn upon 
" the planetothe axis of the world is the fittelt for the ſub» 
fiylar, and thatistheline CR, focheavgle PCR is the 
angle between the axis and che plane, commonly called the 
height of che ſtyle, and the meaſure of this angle is the ark 
PR; This arkis always leffe then the compl=menc of the 
latitude, and may be eſtimated by taking thediſtance PR. 
wich the compafſes, and meaſuring itin the Meridian from 
P towardZ. Soin this example Ic will appear to be about 
487 x | x 
L Thi diſtance of the ſabſtylar from the meridian is here 
repreſented by the ark ZR. For the meridian line upon the 
plaieis CS, che (ubſtylar lincisCR, ſotheangle contain» 
tberween themiiZCR, and the meaſure of this angle is 
the ark ZR, which caken wich the compaſſes and meaſured 
inche ſemidiameter GW, from C coward FW, will be found 
abouc 13 gy. | 
\ The diſtances of each houre line from the ſubſiylar. are 
hete - by the ark of the plane berween the point 
R; ani{che incerſcAions of the houre circles. For the ſub- 
fiy!ar lineis CR, and che houre circle of 1 croffing the plane 
in che peint O. the houre line of 1 upon the plane , muſt be 
CO, Sothe ang)e berween the ſubſtylar and the houre line 
of 1is RCO, and the meaſure of chis angle is theark RO. 
In like manner the houre line of 12 will be CZ, and thedi- 
tancefromrhe fabfiylzc KZ. The houreline of 11, will. be 
EF, 2d the diftahcefrom thiAubſtylar R X,and (o the reſt; 
Phe diftahtes R'O,RZ, RX, &c. may alſo be taken with 
. the compafes, and meaſured as before. 2 
©> Brfides 'chrefe foute repreſentations the diagram: will 
ſhew what pole is clevated above the plane, and what time 
the Saiiflfintttvupbn the plane, IFic bethe North- Eſt face 
of thisplane, You.thay think P co be the Narch-pole, and 
theHhonre circles tobe drawn ona convex heifers , fo 
C Atbeſubſiylar, and CP ctheaxis of the ſtyle will both 
$6intupward, and having mn the tropique of 55 2 
Cc 2 a 


5 ICE art - Bt aa Pra” 4 
. - 
48 : 
; 


the abſeripriemaf rhe hems lines 


ſhall find by the meeting of the plane with the tropique,and 
the houre circles, that * Sun at the higheſt, may ſhine up» 
on the plane, from the time of the rifing untill it be paſt gin 
the morning, and from yin the Evening untethetime of 
kis ſetting. But if ic be the South: weſt face of the plane, then 
you may either ſuppoſe the ſubſiylar,and the axis to be con 
tinued down belowethe center, like unto the hourcs be- 
fore and after 6 in an horixzontall plane, or elſe you may 
turn the diagram and think P. to bethe South pole, and 
the houre circles to be drawn in an horizontall cencave, 
fo C R the ſubfiylar, C Þ the axis of flile will both 
point downward , and fo alſo the hourelines from $ tothe 
morning untill after 7 inthe Evening, as it doth. appeare 
by the meeting of the plane wich che borizon, and the houre 
circles. =; BS 

Thus with the drawing of one line inthe diagram to re 
preſent the plane according cohis declination, you may 
have the houre lines fitted co any declining verticall with 
the ſtyle and ſubſtilar in their due place, which may ſuffice 
to free you from grofle error , but for more exaQtrefſe; we 
eonfider three triangles. 


: Tofindtheinclination of Meridians. 


The meridian of the place is a circle paſſing through the 
poles of the world, the Zenich and the nadir. The proper 
meridian of the plane is a circle paſling through the poles 
of the world and the poles of the plane. The circle of the 

lane, and theſe two meridians do wake triangle, ſuch as 

R Z, wherein we know the angle atR. 

Iconfider the angle of inclination of the meridians RP 
Z,% thereſee how that PZ the meridian of the place, which 
is the hour of 12,being 30 gr. diftant fro PR the meridian of 


the 


in avertical decliving Plone. 
the plane, and that one face of the plane open tothe 


South-weft, and the ether tothe Nurth-eaft, this meridian 
of the plane falleth to be rhe ſame with the houre of 2, (o- 
therwiſe with the houre of 10:.) therefore allowing 15 gr. 
for an houre, the houreof1, RPO vill be 15'gr. and KR 
P X che houre of 11 will be 45 gr-diſtant from P # ihe pro» 
per meridian of the plane: and ſo I 

gather the inclination of the reſt of the/Latitude N.51 30. 
boure: circles towards. this meridian, |Declinatio:, 24 20 
according to their angles at the pole, NF: orig; 30 0. 

av inthe ſecond columne of this Table. | Alc. Styl. 34 33: 
Then taking m compalies inmy Dia, Gbt. 13 8. 
andy; Fgarend them from thefine yormm— f: TIER 


f the-tmeof 33-27-2337 6 += nr 1,5 
e height o ole above the A. E-|Gr. M. Gr My | 

lane, and figde the ach In. 4 $190 _Ol90..-.of-- 
he'lipeof cangents frem 15 zr. the. 5-775 ©[4 42 
inclinati fe of 1;;to 8 |* 6 a6 © [44 30 
ry, 33. for the arke_of 1, from |7 5147-2129 33 
fe ubliplr and from 30 grunts \. [5 . 4/39 918.8 

8 or. 8 m. far-the houreof i2, a» |? 3 15 O[ 8 38 
greeabletOthethird Prop. and from! |*2 2 (94e714-|ſubfty] 
45 gr« Unto 29gr. 33 w. for thehoure [17 7]'5 ©| 85 38] 
of 11, and ſe the reft, which I alſo 12]30 Oſ18 8 
fet down-in the third columne of |* 11145 ®©[29 33 
the Table. -- 2 10/60 Ol44 30 

' Theſe arks being thus fourd,will |3 975 2154 " 
ſerve for the drawing of the houre '4 $192 0'90 © 


lines, both on the Southweſt face,and the North-eaſt face of 
this plane,and alſoon either face of thelike plane that hath - 
the ſame declination, and the poles in the South-eaft and 
North-weſt. 

2 By thehelpof a thread and plummetI draw a verticall 
line,ſerving both for the meridian of the placezand the hour 

12. 

; Inthis meridian line I make choice of a center at C, in the 
upper partet the line, if ic beche South face, as here we ſup- 
0bt7? >.> FRAY Te 3 poſs 
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poſe it, that tie fiyle miay'have roometo point downward 
bur in the lower parc of the line, ifir be cre North face of tf 
plane; for there the fiyte myſt poimtupward *and > 1 this 
center [deſcribe arioccule 'y le, reprefencing the decltning - 
yerticall belonging to the platie.' | 10 


3 I find a Chord of 18 gr.'S'#'the diftznce of the ſubſiyhar 
from the meridian of che place, and inſcribeic into chiscir« 
cle, from the meridian unto Aroward theright hand , be- 
cauſe in this example the meridian of 'the plane'fals a» 
mong the hourcs atcer tisdge, (for orherwiſe ic muſt have 
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been inſcribed coward the left hand) and there I draw che 
lineC-4-ſervivg for the ſubſiylar, _ YH | 

pl According eo the Tableof the ark of the plave. from 
the ſubfylar, Tfind a chord of 8 gr. 35m, and inſcribeitigto; 
chjs firs fromehelubliylartoward che meridian, for the 
honre of 1, In like manner a chord. of 29 gr-23 m.for the hour: 
of11, anda chord of 44 gr. 3o mr. for the houre of 10, and 
ſo forthe reſt of the houres, theic halves and quar- 
ters» - | | | $324 ; 

5-Idrawjright lines through the center and. the termes 
of = FH BRL EN lines ſo. drawn ace the houre- lines 
requiced.. ' MIME ey 

Yafly. Ierup the flhiCover the ſubſiylar, ſo as it may 
cut the plarje in the center, and there make an angle with 
the ſybliglar of- 24.gr..33 m according to the height of 
the 3 gaena't: theplane; ſo jm all regreſeat che axis of the 
world , and betruly placed for caſting of the ſhadow upon 
the houre lines in this declining plane. 


4 ſecond examphe. 


Suppoſe another upright plane in the ſame latitude to 
decline from the yertieal 65 gr. 44 m. with one face open co 
the Sourh-Kaft , che other to the North-weſt. Theſe 65 gr. 
40 w.would be prpbeeyiecany, Euno 2, _ from W un- 
toH, and the.-plane repreſented « For ſo the one 
pole will F; I Bin 7 gourh = the other at D, 
in the North-weft according tothe ſuppoſi:ien.. The proper 
meridian of this plane.may be ſupplyed by the circle BP 
D,crofling the plane in. the poine T, becweene. the houre 
of 7and 8, and there is the place of the. ſublylar. The 
Sanch-Eaft face will congaipe all. the houres from Sun cifing. 
unto two after noon, and the Northweſt face all the houres 
from one after noon unto Sun ſetting. Then working as 
e, 
2 The angle ZPT the inclination of the ewo me» 
| ridians- 


* 4 


bo |: OT: The difer {tid of the bduv® Tones" | Ry 
ridians will be found to be abont 70 tegrees 30 ahi, Ali. 

2 Theark P Tche meaſare of the angle 
of the pole aboveche plane , and ſothe helghc of che fiyle. 
above che fubſtylar will be 14 gr- 51s. PA RETTL: © GON 
-3 ThearkZT, the meafureot the angle ZCT, fhewing 


gre $6 m. TN et 
4 The arks of the plane be- [Latitude N. ;1 "Zol 
— _—_— and me D clination. | 4 1.40 
oare lines depending on the nertd. "| 
difference of wei which ek 4h - iy 
is here 70 gr. 30m. or 4H» 42 hi. (1bfty!: og 56 4 
#. ſhore of the meridian [ fi;tt Ms — 
draw a table wich three co-* 2293 _ Ar.Pla. 
lumnes, one for'the morning | |M. E,Gr. M foc. M. 
and evening houres, another for [2 10/79 334 12 
the anglesatthe pole, and the |> g6, 30j:3 16 
third for the arks of the plane, |, B49 3ol'6 42 
and there write 70 gr. 30 m-vy |5 7134 3olio © 
che houre of 12: aud. place the '6 6119 3o{ 5 11 
7 

8 

7 


meridian and ſubſtylar becrween 

the houres a7 and 8,according | 

as the poles of the plane do fall 

in the Diagram. 
Then will cheangle at thepole [10 algo 30[12 : 

betweene the proper meridian 'j1z 1155 3o[2o gg 
and che houre of 11 be-55.gr- 30" | 12 [yo 735jz35; '56t® 

= #.. the houreof 10 will be 40 gr-' K-11 8 302 $1 
"4 30 m. diſtant from that meridi- © gg 

| an, and the reft in theirorder, which being noted in che (e- 

cond columnezgthe arks ofthe-plane will be found eo be ſuch 


as Ihavenoced inthe third columne. © Bots | 
With this table thus made, you'may draw the houre-” 

lines, and ſer up theftyleon either face of this or the like 

plane, the difference being onely in the placing of 

the ſubſiylar, and that is reſolved by che fight of che Dia- 

gram. . ” ws % "= ' 

| A 


CT, the height - 


the diſtance of the ſubitylar from the theridiaa will be'35 


1 | 
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in «virticall declining Plane; 


A third example of a Plane falling neer 
the CMtridian. 


Aﬀfcer thelike manner if in our laticude an upright plane 
(hall decline $5.gr-for the prime vercicall, the one face of ic 
being open cothe Northweſt, and theother tothe Sourh= 
eaft, we may in ſome ſort repreſenc is by the yerticali © Z H; 
and chen working as before. 

I The angle Z PT, theinclinarion of theewo meridians 
will be found to be 86 gr. 5 wm: ſothat PT che meridian of 
this plane, will here fall between che houre-ciccles of 6 and 
7from the meridian. | 

2 Thearke P Tthe meaſureof the angle PC T,the heighs 
of the pole above the plane will be onely 3 gr. 6 m. 

3 The arke ZT che meaſureof the angle ZGT, thedi- 
ſtance of the ſubſtylar from che meridian 38 gr. 23 m. 


4 The Table of the angles at the [EI— 
pole will be alſo gathered, by compa- —_ 6 - $3 30 
ring the meridian of the plane with the [<<'nation 35 o 
reſtof the houre-circles. For the an- Diff.Merid 86 5 
gleTPZ, between TP the meridian |*\|eitade ſtyl. 3 6 
ofthe plane P Z the meridian of the Ditt-ſubſty. 38 23 


place, and the houre of 12. being 86 gr. 


5. allow- 


% 
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5 18. —_— 15 87 for TD ArPiaC 1c G 
an hour, thehoureof 11 | 3/5165 —xs 15 \in.Þz. 
will be78 gr. 35 =. and{,,} —_—. Gr. M ln. Par- In-Yar. 
the houreof 1171 gr.5m.| 159 5138 ?3[91 08179 21 
diſtant fram the meridi |, <115 330 92]26 39 
of the planes and ſo the|. 9 6118 4216 No 
reſt ofthe houres. Or be=|, ,[®? 6 13112 $2110 09 
cauſe the difference of |-—|5® cg 39 5122 
meridians $6 gr. 3 n-reſol-| 2|zs $2 4245 43 
ved inta time makes 5| 26 5| x 31{ 3 05 
houres, 44 #s. and fo the|] /j1z 5|@ 36] 1 20 
meridian of the planefals| AMerie.| Swbſtil. 
between the houres of 6.| ©| 2 5$gJo 33 
and 7 from the meridian.| 5118 55] 1 

I ficit jlace this meridian} 333 552 &5 
between theſe houres, | 2148 55] 3 33 
and then taking75 gr-the 2163 55] 6 20 


= 
_ 
9» AS 
m Ow wOO=.o+p|l© 
WW 
CO 


JI 
JI 
=_ 


cammon mceaſure for 5 9 Tolg $g6(16 14 
honures out of 86 gr. 5 as 1/78 $5115 28[31 IT 67 
thereremaire 11 gr, 51.1 i806 % 99 67 FA 


fortbe angle at the pole F HCL To, rg 
between the me1idian of the plane and the houreof7.a- 
oaineItake $6 87. 5 Me Qut of 90 gr. the comwes meaſure 
for 6 houres z and there remaine 3 gr. 55 m. for the arigle as 
the pole berweene the meridian of the plane and the houre 
of 6. Totheſe angle ſo found I allow 15 gr. for every hour, 
a* in the fecond columne of this Table. ..--- Vx 3 

Then having the height of the pole above'the plane, and 
theſe angles at thepole; the ; of the plane, between 
the ſubſtylar and the houre-circles, will be found as in the 
third columne. | 

Theſe arkes being found, will ſervefor the drawing of the 
houre-lines en either face of this or the like plane. 

. 1.By the help of a thrgad and plummet Idraw ZC faver- 
ticall line, ſerving both for the meridian of the place and 
the hour of1 2. 

2 Inthis meridtanline I make choice of a center in the 


upper 


in avirtical declining Plans, 
apper part of theline, if it had been che Southern face of 
the plane, but here in Cche lower part of the line becauſe 
we {uppoled it te be the Northwelt face of the plane , and 
the ſtyle muſt point upward; and upon this center I deſcribe 
an occult circle repreſenting che declining verticall belong- 


ing eo this plane. 
3 Ifinde a chord of 38 gr. 23 mthe diſtance of the ſub- 
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lar from the meridian of the place, and inſcribe is into 
iscircle, from Zin the meridian, unto T coward thelefc 
hand, according as the prgper meridiau Þ T fals in the fun- 
damentall Diagram; Ko I drag the line ET (ſerving 


forthe ſubſtylar. 
| | Va 2 4 The 
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156 The deſcription ofthe houre-lines in 

4 Theſnbſiylar being drawn, Imay inſcribe the chords 
of the arks of the plane from the ſubfiylar , and draw the 
hour-liges, and ſetup the fiyle as in the former plane. 

Or the arks of the plane from the ſubſtylar being found 
a8 before,we may draw the hour-lines upon'the plane other» 
wiſe then by chords. For having drawn the hour lines as in 
tbe laſt figure, upon paper or paiſt-boord, we ſhall finde the 
moſt part ofthem, in this and ſuch iike planes that have 
greater declination gto fall ſo cloſe rogether, that they can 
hardly be diſcerned:wherefore codraw them at large tothe 
beſt advantage of the plane,I leave out the center,and draw 
them by cangents, as in the polar plane. 

' 1: Iconfider the length and bredch of the plane wheron 
I am todraw the hour-lines,which I ſuppoſe to be a ſquare, 
w hoſe fide is 36 inches,and find that thelictle ſquare ABDE 
' will contain both the ſubfiylar and all thoſe hour-lines 
which are r«quired inthegreatſquare AZCQ. 

2 [ draw two parallel lines F N, GM, crefling the ſub« 
ſylar at right angles in the points F and G, fo as they may 
beſt crofle al the hour-lines, and yet the one be diſtant from 
the other as far as the plane will give meleave; and I finde 
by the fight of the figure chat if AB the fide of the lefler 
ſquare ſhall be 36 inches, the line GF will be about 115 in- 
ches, and the line CG about 100 inches, and therefore F G 
15 inches. Again, that the point F will fall about 6 inches 
below the upper horizontal fide AB, and about 12 inches 
from the nexc verticall fide BD; for Ineed not here ſtand 
upon Parts. 

3 Becauſe theſe two parallel lines are tangent lines in 
reſpe& of circles drawn upon the ſemidiameters CF,CG, 
and ſuch tangent as belong tothe arks ofthe plane, being 
between the ſubſiylar and = hour-lines, the proportion. 
will hold. 

As the tangent of 45 gr. 
to the tangent of che ark of the plane: 

. Sothe length of the ſemidiameter 

tothe length of the tangent line. 


5 : 
ed 
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As for example, the ark of the plane between the ſubſty- 
lar and the hoar of 1,is 15 gr.28 m. in the former Table, the 
ſemidiameterGF 115 inches, and the ſemidiameter CG 
100 inches : wherefore I extend the compaſſes from the tan- 
gent of 45 gr- unto the tangent of 15 gr. 28 *«. the ſameex- 
tent will reach from 115 in theline of numbers unto 31, $2, 
which ſhews the length of chetangent line between F in the 
ſubſtylar and the hour line of 1, to be 31 inches, $2 cent.or 
partsof 100. Again, the ſame extent will re«ch from 100 
unto 27,67; and ſuch is the length of the lefler tangent from 
Gto the hour of 1. 

The like reaſon holds for the length ef the other tangents 
from the ſubſtylar to the reſt of the hours, asin the Table; 
as alſo for the height of the ſiyle above theſe tangent lines; 
and ſotheangleof the ſtyle above the plane being 3 gr. 6 m. 
the height F Kwill be found to be 6 inches 23 cent. and the 
height GL 5 inches 42 cent. | 

Where the Reader may obſerve, that if the extent from 
the tangent of 45 gr. tothe tangent of 3 gr. 6m. or to 115 in 
the line of numbers, be too large for his compaſles, he may 
uſe the tangent of 5 gr. 43 m- infiead of the tangent of 45 gr. 
as I'noted before pag. 130. 

4 Having found theſe lengths and heights, and ſer them 
down ina Table, Icometo theplane here reſembled by the 
lefler ſquare 4 BD E,where I begin with an occult vercicail 
F H,about 12 inches from the fide BD, and upon the center 
F, about 6 inches belowe the fide A B deſcribe an occulr ark 
of acircle. 

5 Into this ark I firſt inſcribe a chord of 38 gr. 23 m. the 
diftance of the ſubſiylar from the meridian,to make che an- 
gle HF Gequall cothe angle ZCT ; fo theline FG ball 
be the ſubſiylar : and thei another chord of 51 gr. 37 m.the 
complement of this diſtance, to makeup the righc angle 
GFN,; lothe line F N (hall be the greater of the twotan: 
gent lines before mentioned. 

6 Ifer off 15 inches from F untoG, toward: the center, 

Vu 3 and 
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and threugh G draw the leſſer tangent line G AF parallel to 


the former. | 
- Theſetwo occult tangent lines being cthas drawn, 1 
look into the former Table for che hour of 1, and there 
fiade the ark of the plane beeweenthe ſubitylar andthe hour 
of 1,tobe 15 gr. 28 m. and che length belonging eo it in the 
greater tangent line to be 31 inches, 82 cent. in the leffer 
tangent line 27 inches, 67 cent. wherefore I take on 31 
taches $2 parcy,and prick them down in the greater zangent 
from F coN, and then 27inches 67 parts, and prick them 
down in the leffer tangent fram G to Af, anddraw the tine 
AN forthe hourof 1, which if ie were would 
crolfe the ſabfiylar F G inthe cencer &, and there make the 
angleF CN 15 gr. 28m. The like reaſon hoſdeth for the 
drawing of all the reſt of the hour-lines. 
Lafily, I (et up the fiyle right over the ſubſiylar, ſo as the 

height F Kmay be 6 inches 23 cent. and the height GL 
inches 42 cent.chen ſhal K L repreſent the axis of the wor 
and if ix were produced would croſs theſubſiylar FG in the 
center C, and there make the angle F CK to be3gr. 6n, 
and fo betruly placed for caſting of the ſhadow :upen the 
hoar- lines in thisdeclining plane. 


CHAP. VIII. 


To draw the honye- limes 1x 4 weridies 
inclining Plane, 


Li choſe planes wherein the hocizoncall lige iy theſawe = 

with the meridian line,are therefore calted meridian 
planes:ifchey be rightcothe horizongthey arecalled by the 
general name of meridian planes without farther addition; 
and aredeſcribed before: if they lean to the horizon, the! 
arethen called meridian incliners. I 
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Theſe may incline either to the Eaſt part of the horizon, 
or tothe Wefft, and cach of them hath two faces, the upper 
towards the xenith, the lower towards the Nadir, wherein 
knowing the latitude of the place,and the inclination of the 
plane co the horizon, weare to confider : 


- x Theinclination of the meridianof che planecothe me- 
ridian of the place. ir. 
2 The height ofthe pole about the plane. 
3 Thedifſtance of the ſubſylar from the meridian. 
4 Thediftanceof each hour-line from the ſubſiylar. 
And all thefe four are repreſented in the fundamentall 
Diagram, as in this example. 


In our latitude of 51 gr. 30m. a meridian plane inclineth 
Eaftward 50gr; theſe 50 gr. I namber in the verticall circle 
from E uncoG&, according to the inclination of the plane, 
and theredraw the ark 5 GN repreſenting the plane pro- 
poſed. Again Inumber 50 from Z unto K, ſo the point K 
(being 90 gr. from the plane at G) ſhall be the pole of this 
plane, and the proper meridian of this plane may be ſup- 
plied by a clectedraven ' chrough K and PF; This meridian 
doth here fall beeween the hours of 4and 5, and crofling the 

lave at right angles in thepoint V, intherighrt line C V 
ball be che @bſiyiar, and the angle PC V che height of the 
ſtyle aboveche plane and right lines drawn from the center 
Cts the incerſeftions of the hour-circles: with. 5, GN (hall 
be the hour-lines here inquired. Thelawerface of the plane 
will contain all che hour-lines from ſun rifing anco 11 in 
themorning, and the upper face the: hours from 9 in the 
morning unco fan«ſrring. Then have la reQangletriavgle 
?PFYN, wherein the baſe PN: is the: height of: the pole 
thove the North part of the horizon; and che angle. PN V 


the complement of the inclination to the horizon;and theſe 
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Ai thecofine ofchelaticude 
is tothe fiae of 92 gr. 
So the tangent of inclination to the horizon, 
to che tangenc of inclination of meridians. 


Extend checompaſſes from the fine of 38 gr. 30 w. the 
complement of the lacirude, anto the fine of gogr. the ſame 
extent Will reach from the caageat of 50 gr. Om. che inclina» 
tion of che planeto the horizon, untothe tangent of 62 gr.25 
mand (achistheinclinationof che meridian of che planeto 
che meridian of the placez which being reſolved incs time, 
doth give about 4 houres and 10 ms. from the me:idian, for 
the place of the ſubſtylar among the houre-lines. | 

2 The height of che pole above the planeis here repre. 
ſented by the quanticy of the arke of the proper meridian 
P 7, betweenchepole andrhe plane, and may be known 
by char which we have given in che former criangle ? 
VN, For 


As the fine of 90 gr. J 
cothe fine of the latitude. 
So the cofine of the inclination cothe horizon, 
tothe fine of the height of the pole above the plane. 


Excend the compaſſes from the fineof 90 gr. unto- 51 gr. 
_ 30 m.the fine of the laticudegthe ſame extent will reach from 
the fine of 49 gr- the complement of the inclinatien of the 


plane tothe horizon,umtothefine of3ogr. 12m. + 


Oc as the fine of 90 gr. 
to the cofine of inclination of meridians:  -. - -; 
Sothe tangent of the latitude OE 


0 the tangent of the height of che pole cbar the plane. 
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Extend che compaſles from the fine of 90 gr.unto che tan- 
gent of 51 gr. 30 ms. the latitude'of the place, the ſame cx- 
tent will reach from the fine of 27 gr. 35 m. the complement 
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of the inclination of the two meridians,untothe tangent of 
| 30gr- 12 m-And (uch is Þ V che height of che pole above the 
plane » and (ſuch mult be the height of che ſtyle above che 
ſubſtylar- | 

3 Thediſtance of the ſubſtylar from the meridian is here 
repreſented by NV the arke of che pl:ne becween the two 
meridians,and m3y be tound by rhat which we have given 
at the fic in the former triangle PYN. Far | 


As the fine of go gr. 
tothe line of the inclination to the horix >n ; 
So the tangent of the atitude 
tothe tangent of the ſubliylar from the weridian. 


Extend checompaſſes from rhe fine of 90 gr. unto the tan- 
gent of 51 gr. 3 >m. thelaticu le of che place,theſame extent 
will reach trom che fine of 50 gr the inciina:1on of the plane 
toche horiz">n, unto the tangent of 43 gr. 55 ms. And ſuch is 
theark<NV che diſtance of che ſubitylar from the merigi- 
ans 

4 Thediſtances of che houre-lines from che ſubſtylar,are 
here alſo repreſented by thoſe arkes of the plane, which are 
here intercepred becween the proper meridian and the 
houre-circles,and may be found by chat which we have gi- 
ven inthetriangles made by the plane, with his proper meri- 
dian and the houre-circles. For the angle atV, between 
theplane and the proper meridian, is well known to be a 
right angle, and che fide Þ V is the height of the pole above 

theplane, aud the angles at the pole between the proper 
meridian and the hour: circles are cafiiy gathered into a ta- 
ble. The angle V P Nbetween VP che proper meridian of 
theplane, and ÞP Nthe generall meridian of che place being 
62 pr. 25 ms. the angle between the proper meridian and the 
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circle of the houre of 11,will be77 gr. "Tatade 5 —_ 


25 m. and the angle belongiug to the |1,,clination 5o 0. 


of the angles at the pole. Then Alt. fiyli 30 12 
As the ſine of 90 gr. Diſt.lublty. 43 55 
ro the fine of the pole above the | @ Ang. PojArc-Ha, 
plane: 5 Gr. N.|Gr. M. 


$2 thetangent of the angle at the [1177 25166 4 
pole,to the tangent ofibe hour-line [12 62 25143 55 
from the ſubſtylar. I 47 25128 41 

Z 32 2517 43, 


Wherefore I extend the compaſſes | 3 17 25] 8 5% 
from the fine of 90gr. untothe fine of | 4 2 251 1 13 
30 gr. 12m. the height of the pule a- | Aderid. Subfiyl. 


bove the plane,and I find the ſameex- | 512 35 6' 26] 


rent toreach inthe lineof tangents 627 3514 44 
ſrom 77 gr.25 m.unto 66 gr.4 m-for the 7 42 3524 48 
diſtance belonging to the hour of 11; 8 57 3538 23 


and fromthe tangent of 62 gr.25mto | 972 3558 3 
43 27-55 m.for the hour of 12. as when Jj10 87 3585 12 
I found the diſtance of the ſubſtylar 
fromthe meridian. And fo for thereſt of the arks of plane 
berween the ſubRylar and the hour circles, as in the Table. 
Theſe arks being thus found,will ſerve codraw the hoars 
lines on either fide of this plane: but ſuppoſing it tobe the 
upper ſide. 

1 Idraw the horizontall line C N,ferving for the meridi- 
an and hour of 12. 

2 InthislineImake choice of a center atC, and thence 
_ an occult ark of a circlerepreſentipg the plane pro- 
poſed. 

3 Ifinda chord of 43 gr. 55 m. the diſtance of the ſub- 
fiytar from the meridian, & inſcribe it into this circle from 
. NuntoA, according as Ifinde theproper meridian PV to 

fall intheſundamenta{l diagram, and there 1 draw thelice 
C A,ferving for the ſubftylar. 
4 The 
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4 The ſubfiylar being drawn, I'may infcribe the chords 


ofthe ark of efie plane from thee ſabRiylar, and draw the 
hoare-lines,and fet up the fiyle;agin che former pianes. 


: | CHAP. -IX. 


To draw the hawre- lines in 4 polar 

Hoſe planes wherein 2 line may be drawrie paralel to 
fl the axis ofthe world, are called polar planes, becauſe 
Rx 2 that 

o 


- 


64 
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that !ine pginterh unto the poles, & theſe planes are always 


parallel to ſome one of the houre circles. If they be parallel 
to the hoar of 6, they are called direQ polar planes;if co the 


heur of 12, they are called meridian planes; and both theſe Þ. 


are deſcribed before: if to any other of the hcure circles, 
they are then called by the name of polar declining planes, 
b-cauſe of theic inclinirg to the pole,and declin'ng from the 
verticall. 

Theſe kind of planes may be known inthis ſort: Firſt 
confider the inclination of the plane to the horizon, which 
in theſe parts of the world muſt alwayes be Nrchward,and 
mocethen the Jatitude of the place. Theh find the dcclina-+ 
tion from the verticall. Theie rwo being known if che pro: 
portion hold, 


As the line of 90 gr. 
to the coline of the declination : 
So the tangent of che inclination 
trothetangent of che latitude 
ic is then a polar declining plare,otherwiſe not. 


For example, in cur latitude of 51 gr.30 m.a planeispro- 
poſed deciining from the verticall 65 gr. 40 mand inclining 
Northward 71 gr. 51 m-iheupper face being open to the 
Southeaſt, and the lower to the Northweſt. If I number 
thoſe 65 gr 40 min the horizon of the fandamental diagram 
from E untro ©, and draw the line H C &, it ſhall repreſent 
the horizontall line of the plane; then crofling it at righs 
angles with the plane BZD drawn through the zenith, 1 
rumber 71 gr. 51 m- for the inclination from D unto R,and 
there draw thecircle HR ©, thiscircle ſodrawn ſhall re- 
preſent the plane propoſed;Þ& becauſeit alſo pafſeth through 
the pole, it is therefore a polar plane. But for farther crial I 
cxXtend the compaſles from the fineof 90gr.to the fine of 24 
gr. 20 m. the complement of the declination , and I find the 
ſame extent toreach frcm the tangent of 7gr. 51 m. the 
inclination propoſed, unto thetapgent of 51 gr. 30 ma__ 
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in a polar declining Plane. 16s 
is thetcue latitude of che place, and therefore ic is a polar 
lane. | 

Againe Inumber the inclination 71 gy. 51 #. in the circle 
BZDfrom Z unto 44,fo this point 47, will fa'l at the meet- 
ing of BZ D with the «quator and being 90 gr. frcem the 
planeat RK,ic ſhall be the pole of this piane,& accircle drawn 
chrough Mazd P will be the proper meridian of this plane. 
This meridian 42 P herefalling on the hour of 8 doth give 


' MPZthe angle cf inclination of meridiansiobe 4 houres 


or 60 degrees, then croſſing the plane at the point P ic ſhewes 
that the ſubſiy!ar ſhould be C P and be placed acthe hour of 
$. But becauſe P is the poleand CP the axis of the world, 
wherein all the houre-circles do meet, and ſo there would 
beno diftinficn between the axis, theſubitylar and the 
hourelines.I now ſuppoſe the plane in a parallel tothe circle 
HR according tothe diſtance that I would have between 
the axis of the fiyle and the ſubſiylar, then will the fiyle be 
parallel to the plane, pag. 168. lin- 1. 

Here then the ſiyle will be parallel to che plane, and the 
houre-lines parallel one to the other,as in the meridian and 
dire& polar planes. Yet that we may better know how to 
draw the houre-lines,and where to place the fiyle,we are to 
conſider 


1 The arhe of the plane between the 


horizon ard the pole, 


In a meridian planethe arke between the horizon and the 
= which repreſents the arke between the horizon and the 
oure-lines, is alwaycs equal! to the latitude of theplacez 
ina direQ polar ic is an arke of 90 gr; in theſe declining po- 
lars it is greater then the latitude, and yet lefle then gogy. 
This arke is here repreſented by P © and may be known by 
reſolving the triangle £NPorP RZ, 


Rx 3 As 
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As the line of 90 gr. 
co the cofine of che latitude : 
G3 the fine ofthe declination 
co the coline of the ark betweene the hotizoti and 
the Pole. 


Excend thecompaſſes from the fine of 90 gr.anto the fine 
of z$gr. 30 m. the complement of the laticude, the (ame ex- 
tent will reach from the fine of 65 gr. 40 w. the declination 
propofed, unto the fine of 34 gr. 34 m. whofe complement is 
55gr-26 m.the ack of the plane required berweene the ho- 
rizon and che pole. 


- Orasthe cofine of inclination to the horizon, 
to the fine of 90 gr. 
So the corangenic of the declination 
co the tangent of the ark berween the horizon and 
the pole. 


And foextending the compaſſes fromehe fine of x3 pr. 9 
m.the complement of the inclinationcockecangent of 242 
20 m3. the complement of the declination the ſame exrent 
doth reach from the fine of 90gr. anto thetangent of 55 gr. 
26m. Andiach is QPche ark of che ptane between the 
hor'zon and the pole, «he meaſure of the angle 9 C P be- 
eweeeen the horizoniall line and the ſubſiylar. 


2 The :nclnationof the meridian of the plane, 
ro chemeridian of the place. = 


The ſubflytarin a dire& polar plane isalwayes the ſame 
with che houre of 2. ina meridian plane ic is the fame with 
the houre-lineof 6: in chie(e declining polars ic. malt be pla- 
ced between 12 and 6, according cothe inclinacion of the 
meridian of theplaneco che meridian of the place,which is 

ER. here 


| in a polar decitaviug Plane. 16 
here repreſented by MP Zthe complement of the angle 
KP Z,and thus known. 


As the fine of $0 gr. 
totheſine of che laticude : 

So the tangent of the declination of the plane, 
to the tangent of the inclin2tion of meridians. 


Extend the compaſſes from the fine cf 90 gr. to the line 
of 51 gr. 3 0m. thelatitude of the place, the ſame extent will 
reach from the tangent of 65 gr. 49»».the declination propos» 
ſed, urto the rangent of 60 gr. and ſuch is theangle of incli- 
nattion between the meridian of the place and the proper 
meridian of the plane, which reſolved into time doth make 
foure houres; and ſotheſubſiylar muſt here be placed upon 
the hour of $8 in the morning. 

This angle being known, the reſt of che angles at the 
fOle are eafily gathered. For if the houre of 12 be 60gr. di- 
ſtant from the meridian of the plane, the houre of 1 will be 
75 gr. and the houre of 11 , will be 45 gr- diſtant, and the 
reſt of the houres, as in the Table following. Then coming 
to the plane. 

1 Idrawan occult horizontalf line H ©,wherein I make 
choice of a center H , and deſcribe an occult circle tor the 
horizon of the plane. 

21] finda chord of 55 gr.26 mand inſcribe it into this cir« 
cle, from 2 unto B, according to the ſituation of the plane; 
fo the line H B (hall be the meridian of the plane,and there- 
fore the ſubſtylar:and the line AC crefling it ac right angles, 
ſhall bethe equator. 

3 Iconfider the length of the plane, nd how many hours 
lam codraw upon it, that ſo I may proportion t he heghe 
of the fiyle; and Ifindeby the fundamentall diagram and 
the former table, that it will contain all the houres from 
Sun rifing uncill ic be paſt x afternoone: and therefore the 
meridian of the plane falling on the houre of 8 in the mor» 
ning, there will be four houres onthe onefide, and five on 

| the 
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the other fide of the ſubfiylar. But in all polar planes the 
height of the ſtyle above che ſabſiylar mutt be equall ro the 
diſtance of the third houre from the ſubltylar,or about 7, of 
the fourth houre, oc licele more then; of che fife houce, and 
thereupon I allow the height of chis ttyle co be equal to CB, 
which you may ſuppoſe tobe ten inches. 
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4 Becauſetheequator ACisa tangent line in reſpet 
ofthe Radius BG, and the parcs thereof ace ſach as belong 
to the angles becween the meridian ofthe plane and the 
houre-lines, which angles are ſer down in the table follow: 
ing, I may fiad: thelength of cach ſeverall cangentin this 
manner. R 

$ 


As the tangent of 45 gr. 


is to the tangent of the houre: 


So the parts of the Radius, 


to the parts of the tangent line. 


in « polar declining Plane. 


The angle A B Cbetweene the meridian of che plane and 
the houre of 12, the meridian of the place is is 60gr. in the 


former table, and the Radius B Cis 
ſuppoſed to be ten inches; whereupen 
Textend the compaſſes from the tan- 
gent of 4< gr. unto the tangent of 69, 
gr- the (ame extent will reach frann 10 
in the line of numbers, unto 17. 32, 
which ſhewes the length of-the tan- 
gent A C bertweene the ſubliylar and 
the houreof 12 tobe 17. 32cent: The 
like reafon holds for the reſt of-the 
houres. 
. 5 . Thefelengths being thus found 
and ſet down in the table, I taken out 
17 inches, 32 cent. and prick them in 
the equator from C anto A for the 
houre of 12, and 37 inches 32 cent. 
and prick them downe for the houre 
of 1. And ſo thereſt of the houre- 
points. 

6 This done, if Idraw right lines 
through each of theſe points, crofling 
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Inclinati. 71 5x 
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+ the equator at right angles, they (bal! be the houre lines 
required:: *and if I ſettheityle over the ſubſiylar, fo as the 
edge of it may be patallelcotheplane , and the height of jc 
be ten inches equall rothe former Radius B C, it (ball repre» 
ſent the axis of the world, and:be truly placed ſor caſting of 
Ln ſhadow epon the houre-lines in this declining polar 

ane. 
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The defcription of the hoare. lines 


CHAP. x. 


To draw thehoure lines in 4 declining 
znclining piant. 


| a plane (hall decline from the prime vercicall, and incline 
I ro the horizon, and yer not lieeven with the poles of the 
world, it is then called a declining inclining plane. 

Of theſe there are feverall ſorts3; for the inclination being 
Northward, the plane may fall between the horizon and - the 
pole, as thecircle B Din the fundamentall Diagram; or 
between the zenith and thepole, as BFD: or the inclina- 
tion may be Southward, and ſo be repreſented by BKD, ic 
may alſo fallcither below the interſeQion of the meridian 
and the <quator of aboveit ; and cachof theſe have two fa- 
ces , the upper toward the zenith, and th: lower coward 
the nadir ; wherein h aving the latitude of the place with rhe 
declination and inclination ofthe plane, we are farther eo 
confidery 


1 The arke of the meridian betweene the pole and the 


lane. 
2 The inclination of the plane to the meridian. 
3 -_ arkeof che plane between the horizon and the me- 
ridian. | 
4 The angleof inclination between both meridians. : 
$ The height ofthe :pole above the plane. 555 20 421.9 
6 Thediftance of the ſabſiylar from the meridian. 
7 Thediflances 6feach hoare-line from the ſubfiylar. 


And 


od, ap we oc _ 
my = 


. And all theſe ſeven may be repreſented in the fundamen+ 
tall diagram, as in this example. - 
In our latitnde of 51 yr. 30 m. a plane is propoſed, decti- 

ning from the yerticall 24gr. 20m. and inclining Northward 
36gr. theupper facelying open tothe Southweſt, the lower 
roche Northeaſt. If Inamber theſe 24 gr. 25m. in the hori- 
zon from Eto B, and there draw theline BCD, ic ſhall repre- 
ſent the hocizontall line of the plane: then croſling ic at right 
ang!es wich the plane HZ 9 drawne through the zenith, I 
number 36 gr. for the inclinacion from © unto Hf, and there 
draw the circle BMD, crofling the meridian in the point 4; 
this circle ſo drawne ſhall repreſent the plane propoſed; and 
becauſe it doth not paſſe through the pule, is the-efore no po» 
lar, but an ordinary declining inclining plane. | 

'-®. The arke of the meridian of che place between the 
poleandtheplane, is here repriſented by P 2, and may be 
found by reſolving thetriangleD Na, wherein ctheang'e at 
Nis known to be a right angle, the ang'ear Dis the angle of 
inclination, the fide DN the complement of the declination, 
which being knowng 


: Astheſiacof gogr. | 
tO the coline of declination : 
Sothe tangent of inclination tothe horizon, 
; -- tothe tangent of the ark of che meridian between the 
44:1: horizon and the plane.., 
InSyagts £1 fort fog ay fligp $i X 
Extend the compaſles from. the fine of 90 gr. anto thefine 
' of 65 gr. 49m, the complement of che declination, the ſame 
extent will reach from the tangent 'of 36 gr.. the inclination 
propoſed; unto; the tangent of 33 gr. 30 ms. and ſuch is the 
keokebemeridian N-a, berweeathe hocizonand the plane. 
is arbe Nabeing; compared- wich the arke N P, which 
is the elevation of the pole above the horizon, and is ke*e ſap. 
poſed to be 51'gr.-30 ms thedifference N a cometh. to 18 gr. 
and ſuch isthe ark ot the meridian required between the pole 


and the plane. | 
£33 Yy 2 2 The 


ins declining. inclining Planes 191 


- þ- i Mn. « = >. + 
LS. 4 hom at” 
or 
7 


- 


te ID - . 
: T7 XY wy ww 


17>  Thedeſeriptionof the boare-lines 
' '2 Theinclinationof theplane to the meridlan is here re- 


preſented by the angle NzD, and may befound by that 
which we have given in the formertriangle,D Ns. For 


"ps v4 
ST. >> 
ME 2 RE. 


As the fine of 90 gr. 
tothe fine of the declination from the verticall: 

Sothe fine of inclination tothe horizon , 

to the cofine of inclination of rhe plane to the me- 

ridian. 


- Extend the compaſles from the fine of 90 gr. unto the fine 
of 24 gr. 20m. thedeclinarion of the plane, the ſame extent 
will reach from the fine 36 gr. the inclination given', unto 
the cofine of 76gr. And ſuckisN 2D the angle of inclina+ 
tion betweene the plane D «, and Na, the meridian ef che 


place. Or 


As the fine of the arkeof the meridian beeweene the 
horizon and che plane, 
18 co the fine of 90gr. 
$o the cotangent of the declination 
cothe tangent of inclination of the plane to the 
meridian. 


Extend the compaſles from the fine of 33 gr. 30m. thearke 
of the meridian betweene the horizon and the plane, unto 
the line of 90 gr. the ſame extent will reach from the cangent 
of 65 gr. 40 m. the complement of thedeclination untothe can» 
gent of 67 gr. And ſuch is the inclination of theplane to the 
meridian, the ſame as before. 

3 The arke of the plane between the horizon and che me» 
ridian, is here repreſented by D 2, and may alſo be found by 
that which we have givenin the former triangle D Ns. 


As the cofine of inclination to the horizon 
isto the fine of 90 gr. 


oy : 


in 4 declintng 1nclining Plane. 173 
So the cotangent of the declination 


to the tangent of che arke of the plane from rhe hori- 
zon to the meridian. 


Excend the compaſſes from the fine of 54 gr. the comple- 
ment cf che inclination of the plane tothe horizon, unco the 
fine of 92 gr. the ſame extent will reach from the c3ngent of 
65 gr. 49m. the complement of the declination, umiothetan- 
gent of 69gr. 54m And ſuch isD athe arke of the plane be+ 
tween the horigon and the meridian of the place. 

4 The inclination of meridians is bere repreſented by the 
angle -bP. For having drawnethe proper meridian bP k, 
or let downe a perpendicular Þ b from the pole unto the plane, 
this perpendicular ſhall be the meridian of the plane; and we 
ſhall have another triangleabP, wherein the angle at b is a 
right angle, becauſe of the perpendicular, the angle at ais the 
inclination of the plane to the meridian of theplace, and the 
fideP azisthe arke of the meridian becweene the pole and the 
plane, which being known, 


As the cofine ofthe arke of the meridian between the 
pole and the plane 
istothe fine of 90 gr. | 
Sothe cotangent of theinclination of the plane to the 
meridian, 
tothetangentof inclination of the meridian of the 
plane, tothe meridian of the place,that is the angle 
_ atthepole between the two meridians. | 

- Extend the compaſles from the fine of 72 gr. the comple- 
mentofthearkeP 2, betweene thepole andthe plane, unto 
the fine ef g0gr. the ſame extent will reach from the tangent 
of 14 gr- the complement of the inclination of the plane to 
the meridian, unto the tangent of 14 gr. 41 m. And ſuch is 
the angle Pb of inclination betweene the meridian of the 
place and the proper meridian of the plane, which reſolved 
© Ince time, doth make about 59 minutes, and fo the ſubſtylar 

muſt here be placed neer the hour of 1, after noon. 
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5 The height of the pvle abovethe p'anc is here-repreſen» 
ted by P b, he arke ofthe proper meridian between thepole 
and the plane, and may be fcund by that which we have gi- 
ver in the triangle abP. For 


As far the fine of gogr. | 
tothe fine of the arke of the meridian of the place be. 
tween the pole and thepla e: | 

So the fine of inclination of cke plane to:che meridian, 


tothe fine of che height of che pole abovethe plane. 


. Extend the compaſſes from the fine of 90 gr. unto the fine 
of 18 gr. the arke P of che meridian of the plage from the'pole 
to.the plane, the ſame extent wilt reach tram the fine ot ba P 
the inclination of the plane co the niccidian of the place,unts 
the fine of 17 gr. 26 =. Or 'F oy 


As the fine of $0 gr. 
tothe cofine of inclination of meridians : 
So the tangent of the arke af the meridian of the place be 
tween the ple and the planes, : 
ro the cangenc of the height of the pole above the 


plane. - 


Extend the compaſſes from the fine of 90 gr. unto the fine 
of 75 gr. 19m. the complemencof,P b the inclination ofthe 
ewo meridians , the (ame extent will reach'from the cangent 
of 18 gr. the arkeP a of the general} meridian berween the 
pole and the plane, unto the tangent of 17 gr. 26 #/ And fuch 
is P b the height of the pole above the planz;and ſuch muſt be 
the height of che ſtyle above the ſubitytar. 

6 This diſtance of the ſabitylar fron the meritiian of the 
place,is here repreſented by a b the arke oP the plage "berween' 
thotwo meridians, and miy b: found byrhar which we had 


given atitheficit in the formec triangle 3# P. For ' 


As theſinz ofgogr, _ »: 
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to the coſine of the inclination of the plane to the me» 


ridian : 


So thetangent of theark ofthe mm:ridian of che vlacs be- 


eweenthepole and theplane, 


yuntothe tangent of the ſubilylarfrom the necidian of 


\. the place, 


J peed the compaſſes from the {ine 
of 90 gr. unto the fine of 14 gr. the 
complement of b2P, the inclination of 
be plane toche meridian, the ſameex- 
ent will reach from the cangent of :$ 
. the arke of, the generall weridian 
tweene the pole and theplane, unto 
the cangent of 4 gr. 30 m. And ſuch is 
the arke of the plane berweene the ewo 


meridiens;and ſuch muſtbe the diftance -- 


from the houre of 12.20 che ſubtly- 
lar. 
The t——_ i hb "= 9H lines 


from the ſubſiylar, are here alſo repre-. 


ſented by choſe arks of the plane,wkich 
Ke jntercep: ed between the proper me- 
fidian and che hour-circles. For in theſe 
friangles the angle ath be:weene the 


plane and the proper meridian is a right © | 
angles the fide P bis the height :of the - 
* (ile above the plane, and then thean< . | 


+; 


flea at:the pole between the proper;me*; 
Adiapandthe houre-circles: bang ga+ 
tered ito atable. : 


As _ "aa of 90gy. 


| 2 G9 0M 


Latitude _ 30, 
Declina. 24 20. 

(Inclin. N. 360. 

Au.Merid, 6 , 
Df Mercid. £954 
Ait. Nyli, 17 26. 
D.it. tubſt. 4 30. 
| DAng. Po Are.Pla. 
+ > Gr. M or Gr Ml 
| £89 418 57 
| S 74 41147 35 


TY 2973 42 
3 39 19, 9 50 
4.45, 19.16 52 
5 60. 19|27 a 


675 1948 _ 


16 the {in ataha pole ab ove the pl ne: 
"+ thacangent of the angle ar che po!:, 
to the tangent of the houre-line from rhe ſabiiylar. 


xtend 
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276 Th: deſeription of the houre-lints 
| Extend the compailes from the fine of go gr. unto thefine 
of 17 gr-2 6 m. the height of che pole above the plane, the 


[ARIES 


\ 


ſameextent will reach from the tangent of 14 gr. 41 m. the 
angle at the pole belonging tothe houreof 12, unco the tan» 
gent of 4 gr* 30m. for the arke of the plane betweene che (ſub+ 
fiylar and the houre of 12; and from thetangent of 29gr. 4: 
#7. Unto thetangent of 9 gr. 41 m-for the houreof 11, and fo 
for thereftof the arks of the plane berween the ſubſtylar and 
che houre-lines, as inthe former table. | 
Theſe arkes being thus fourid, will ſerve for the draying + 

of the houre-lines on either fide of theplane: bat ſuppoſing 

| it 
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in a polar declining Plaxe:; 179 
itco be the upper fide, I confider how the lines dofall in the 
fandamentall diagram, and accordingly. 

: Idrawanoccalt horizontall line DD, wherein I make 
choiceof the center C, and thence draw an occule circle for 
the horizon of the plane. 

2 TIfindea chord of 69gr. 54 ms. the ark of theplane be- 
tween the horizon and the meri-j:an, and deſcribe into this 
_ from D unto 4, and there draw the line C a for the hour 
or 12. 

3 TIfinde a chord of 4 gr. 30 m-the ark of the plane be» 
tween the two meridians, and inſcribe it into this circle 
from auntob, and there draw the lineC b for the ſublty- 


are 
4 Theſubſtylar being drawn, I may inſcribe the chords 
of the arks of the plane from the ſubitylar, and draw the 
houre-lines, and ſer up the ſtyle as inthe former planes. 


Aſecond example of a Plane falling between 
| | the pole and the zenith, 


In like manner if in ourTatitadea plane be propoſed decli- 
ning from che verticall 24 gr. 20 m. as before, but inclining ro 
the horizon 75 gr. 40m. Northward , the upper face being 
open tothe Southwett, the lower to the Northeglt, this plane 
ſhall be here repreſented by the circle BF D, croſling the me- 
ridian in the point 4, between the pole and the zenith ,' and 
the proper meridian of this plane, by the perpendiaular ai k 
Pe, 

Then in this triangle DN 4 knowing the fide DN the 
"complement of the declination , with the angle of inclination 
tothe horizon at D, and the right angle at N, theſe former 
Canons will give Nd che ark of the meridian between the 
horizon and the plane to be 74 gr. 20 m; and therefore P D 
the ark of the meridian berween the pole and the plane 
will! be 22 gr. 50 mm. the angle D 4 N of the inclination of 
the; laneto the meridian , will be -—_ to be 66 gr. 29 - 

Z an 
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meridian $83 gr. 36 m. | 

Apgaine, in the triangle Pe d knowing the fide P 7 the 
ark of the meridian between the pole and the plane, with 
the angle of inclination to the meridian atd, and the right 


angle at e,the angle dP e, of the inclination of the two meri-« . 


dians will be found to be 25 gr 17 m- | pps” 
and P ethe height of the pole above Latitude by 30 
the planetobe 20 gr. 50 m. and de the Declination /2.4,- 20 
diſtance of the ſubliylar from the me- Incluation I75 4c 
ridian about 9 gr. 32m. Alt. Meria\g3 36 

Laſtly having tound the height of Diff. Aerid\2: 17| 
the pole above the plane, and gathered |Dift. ſubſy. 9 5? 
the angles at thepole, the arks of the | Alti.Srzl. 1.25 50 
plane from the ſubſtylar tothe hourc=s | | | 
lines will be as in this table. = [ANE; Po. ArcPla, 

This done, if we conſider how the \ = !Sr: M. "Gr .M. 
lines do fa}l inthe fundamentall dia- | £35 17 76 56 


gram, we may there ſee how the 9,70 17 44 4& 
Noth pole is cleyatei above the low= | 19155 17 29 11 
er face, and tbe South pole above the |11 40 17 16 43 
upper face of the plane,and according= (12 [25 171 9 32 
ly make choice of 4 center, draw the | 1]I0 17} 9 41 
horizonrall, the meridian, the ſubſiy- Merid Subſiyi 
{zr, and the houre-lines, and ſet upthe ol 4 43 1 4c 
ſiyleas in the other planes. 219 43] 7 16 
| - 4k 43 [33 - 

7 a Plane 1n- ) 5j*9 43122 | 

A third example of 2 6 43 137.0 


clivtng t8 the Southnay d, | 579 43 \6258 


If in our latitude a plane were propoſed declining from the 
err gr- So before , bur inclining to the gras 
14 gr. 20 m, Southward » the upper face being open _ 
Northeaſt, the lowerto the Southweſt , this plane m_ x 
tcre repreſented by thecircle BA D creſling the wok Lge 
the point f between the. Xquator and the horiz 


and the proper meridian of this plane by he pobu 


andDdtheark of theplane between the horizon and the 


5p . 
os 


». bb 
on " p -| C.a&6£ 
4 TY Lo 8 ®. Wt 
BS > RC 
d Ph 
oy 


* \ : 


F AO ae La ark tad 
Ve OS Ie '# ATE 
'» =” * 
p - 
* 4 
©. 
sf = T $ 4 
— * » 


dicular ark Pg 


Fr + 
relining Planes: .. 


e: down from the pole to the plane, neer 
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the houreof 11 , atthe North part ofthe horizon, ag may 
partly apoear by the neereſt extent of the compaſſ:s, if che 


ſapplied. 


_ circle BKD weredrawn round; and thetwo lercersf and g 


Then in the triangle BS f, knowing the fide E S the com» 
plement of the declination,'with the angle of inclination to 
the horizon at B, at the right angleatS, we may tnd £F che 
ark of the meridian between the horizon and the pline to 
be13 gr. 6m. And therefore Pfche ark of the meridian be- 


tween the pole and thg plane to the 
Southward 115gr. 24m. but 6., gr - 36 
m. tothe Norchward, the angle BS 
or D f N of the inclination of the 
plan2 tothe meridian, will be found 
$.,77. 9 m3and B f rhe ark of the plane 
between che horizon and the meridi- 
an 66 gr. 20 m. 

Az1ine, inthe triangle P 2 fknow- 
ing the fide Pf the ark of the meridi- 
an between the pole and rhe plane, 
with the angle of inclination to the 
meridian at and the right anzle art g 
theanglefP g of the inclination of che 
two meridians will be found tobe 13 
gr.27 mand P g the height of the pol? 
above the plane, about 64gr. and fg 
the diſtance of the ſubltylarc trom the 
meridian 12 gr. 8m. - 

Having found the height of the pole 
above the plane,ana g2rthered the an- 
ples at the pole, the arkes of the plane 
from-che ſubſtylar to the houre. lines 


WA be found/as in this table. 


'This done, if we conſider how the 
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lines do fall in the tundamentall diagram, we may there ſez 


how the North pole is elevated above the upper face, and 


Wo. Io Lz 2 
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che 
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fo  Thideſeriptionofthe Tropiques,” 
| the South pole above the lower face of this plane, and accor- 
dingly ow choice of the center, draw the horizontall, the 
meridian, theſubſtylar, and the houre-lines, and ſetup the 
fiyle as in the former planes. 


CHAP. XI. 


To deferibe the T ropiques and other circles 
| of declination m an aqui- 
nottiall Plane. 


Uch circles as are parallel to the zquinoQiall, and yet fall 
within the tropiques, may be deſcribed on any plane by 
help of theſe lines of proportion, but after a different manner, 
according as the fiyle (hall be either perpendicuſar,or parallel 
to the plane, or cut the plane with oblique angles. 

In an zquino&iall plane where the (tyle is perpendicular 
tothe plane, the tropiques and other circles of declination 
will be perfe& circles : wherefore conſider the length of the 
ſtyle ininches andparts, and in the declination of the circle 
which yo1 intend todeſcribein degrees and minutes,the pro- 
portion will hold. 7 

As the tangent of 45 gr. ( 
tothe length of che ſtyle: 

So the cotangent of theparallel, 
tothe ſemidiameter of his circle. 


Suppoſe thelength of the ſtyle above the plane tobe 10 
inches, and that it wererequired co finde the ſemidjameter 

of the tropique, whoſe declination is known: to be 23 gr. 30 

© m.extend the compaſles from the tangenit of 45'gr. unto the F 
tangent of 66 gr. 30 m, the ſame extent will reach inthe line pli 
of numbers from 10 unto23 , which ſhews the ſemidiame- fife 
ter of the tropique to be 23 inches. So if the declination be 
20 gr. the ſemidiameter will be 27 inches 47. cent; if 15 
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gr. then 37. 32; if 10gr. then 56.71; if 5 gr. then 114. 305. and 
loin thereſt. | 
Or ific were required to proportion theſtyle to the plane 


As thetangent of 45 gr. 

to the tangent of the declination: 
Sothe ſemidiameter of the plane, 

to the length of the ſtyle. 


Azif the ſemidiameter of the greateſt para lie upon the 
Plane were but fix inches, and that paraliel ſhould be the 
- fe degree of declination : extend the compaſſes from the 
[- tangent of 45 gy. unto the tangent of 5 pr. the ſame extent 
Will reach inthe line of numbers from 6, oounro about o. 53, 
Zz 3 which 
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which ſhews that, the length of the ſtyle muſt be 53 parts 
efan inch divided into 100;then the length of che ſtyle being 
known, the ſemidiameterof the other circles will be found 
as before, 

I begin here with the fifc parallel, and thence proceed 
unto the tropique, becauſerhe ſhadow ot the reit neer the 
#quinoQiall, would be overlong, and the #quinoRial ir ſelf 
cannot be deſcribed. The parallels of North declination are 
to be ſet on the North face, and the para!lels of South decli- 
nation on the South face of the plane.Nzither need theſe pa« 
rallels to be drawn in fall circles, but only to the horizoancall 

line, which (hall be deſcribed in Cap. x viij. 

Having by theſe means ſecup the tyle to his trae height, 
and drawn thecircles of declination , it we ſhall place the 
plane ſo as it ſhall make an angle with the horizon equall to 
checomplement of the latitude, and then turn it untill the 
cop of the ſtyle caſt the ſhadow upon the parallel of declina- 
cion belonging tothetime, the meridian ofthe plane will 
ſhew che meridian of the place , and the ſhadow of the ſiyle 
——_ of the day, without the help of a magnetical 
needle. 


To deſcribe the Tropique and other circles of 


t 

declination a polar Plane. | 

; | % 4 { 

FF all polar planes,whether they be parallel to the meridi- x 

anor tothe circles of the hour of 6,or ocherwiſe declining z 1 

| the zquino&iall will be a rigac line, but the cropiques an = 

other circles of declination will be ſetions hyperbolicall, P 
and be thus deſcribed. b 

| s RES Confi of 


. "7 at” x b ” - . 1] - 3 

» +; 4454 4 _ by , "Y - <a YEH: i: _ 0. ” 2 
% * WT 4 > 4 F.. n wes of +8 " I pe > 25 7 

> RY » A ” ; *S 
Pr INT $0 MED  uroedy, 64 8 ad T hs » 
be of Þ £36 <W7 , , 
SS Po , - 

- TY , P 


— = 
__ 


| '" anddrelts of declination: 13; 
Conſider the length of the ſlyle, the declination of the 
parallel, and the angle ar the pole between the ſubſiylar 
a7 the houre-line, whereon you mean todeſcribe the pa» 
rallel. 
It you would find where the parallels do crofle the ſub- 
ſiylarz 


As the tangent of 45 gr, 
to the tangent of declination: 
Sois the length of the ſtyle, 
to the diltance of the parallel from the zquinoQiall. R- 


\ 


' Asin the example of the polar plane, wherethe length of 
the ſtyle B C was found tobe t inch, G1 cent. if you defire to 
know the diſtance between the zquinoRiall and the tro» 
pique upon the ſubſlylar line: extend che compaſles from the 

tangent of 45 gr. unto the tangent of 23 gr. 30 m. the ſame 
.extent will reach in the line of numbers from 1. 61 unto © 
703 and therefore the diſtance required is 70 parts of an 
inch divided into 100. Thelike reaſon holdeth for all other 

| Parallels of declination crofling the ſubſtylar. 
But if you would finde where the parallels do croffe any 
| ther of the houre-lines, firſt find the diſtance between 


the 


"0 "A 
potions £ 
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the axis of the ſtyle and t ae > then che diſtance 
berweenthe xquinoQiall andthe parallel, both theſe may be 
repreſented in this manner. : 

Oa the center B and any ſemidiameter B D deſcribe an 
occult ark of a circle, and therein inſcribe a chord of 23 gr, 
30 m. form D*unto T, with 
ſuch other intermediat declina« 
tions as you intend to deſcribe 
on theplane, ſo the line BD 
fhall bethe zquator, and B T 
the tropique, and the other in- 
termediatelines the lines of de- 
clination. 

That done, conſider your- 
plane, which for example. may 
be either the meridian or the 
declining polar plane, wherein 
having drawn both the zqua- 
tor, andthchoure-lines as be- 
fore, firſt take out the height of 
the ſtyle, and prick that down 
in this xquator from Bunto C; 
then take out all the diſtances 
between B the top of the fiyle 

-and the ſeverall points wherein 
the houre-lines do crofle the 
-Xquator, transferre them into 
this zquator BD from the cen- 
ter B, and at the termes of theſe 
diftances ere& lines perpendicular to the zquator, crofling 
thelines of declination, and note them with he number of 
the houre from whence they were taken: ſo theſe perpen* 
diculars ſhall repreſent thoſe houre-lines, and the ſeverall di 
ſtances betweea the #quator and the lines of declination, * 
ſhall give thelike diſtances between the zquator and the pa* 
rallels of declination upon your plane. Upon this ground it 
followerh. | 7 
0 


_ 


" and circles of declination- © u8g 


0 


'Tofind the diſtance between the axis and 
the houre-lines, © 


As the coſine of the hour from the ſubſtylar, 
is to the line of go gr. 
Sothe length of the ſtyle, © 
to the diſtance between the axis,and the houre-line. 


's 

of L | 

i. As if in the former example of the Meridian plane , where 

< BC the height of the ſtyle is ſuppoſed ro be ten inches, it 

nz wererequired to tind the diſtance betweene B to the top of the : 


— ſiyleand the point wherein the houre of 11 in the morning 


Aaa doth 


: 


i388 The deſcription of the tropiques, 

doth crofſe the zquator, which is here repreſented by B 5, be- 
cauſe ic ts the fifth houre from the ſubſtylar, whoſe angle at the 
pole is 75 gr. Extend the compaſſes from the fine of 15 gry. the 
complement of t1e fit? hour from rhe ſubſtylar, unto the ſin 
of 99gr: the ſame extzntwill reach trom 10. 05 inthe line of 
numbers, unto 3$. 64: and therefore the diſtance B 5 between: 
the axis andthe hour--linz,is 38 inches, and 64 cext: and may 
be called the ſecant of the hour. Then inthe rtangleB 5 T,ha- 
ving the {fide B3,and the anglz ofdeclination at B. 


0 {ind the diftance between the eqningtFal 
, ana the paralel. 


As the tangent of 45 gr- 

_ 'tothetangent of the declination : _ 

_- $5 rhe diſtance between the axis,and the hour-linz, 

to: the diſtance between the xquinoXtiall and the pa- 


rallel. 


Extend cthe:compaſſes from the Tangent of 45 gr. unto thz 
Tangent of 23 gr. 30m: the declination of the Tropiquz,ſo the 
ſame extent will reach inthe line of numbers from 38 64. the 
diſtance between the axis and the fifth houre-line unto 16.80 
and therefore the diſtance is 16 inches, and 80cext. The like 
reaſon holdeth for all the reſt, which may be gatherzd, an ſet 
down in 'fuch a Table as this which followeth. | 
_ Wherzin'I have ſet down'the diſtances for ſeveral declinati- 
ons, for 11 gr: 30 mr. for 16 gr.55 mr. for 20 gr.12 m.tor 21 gr.41 
1.--and for the declination of the Tropique 23 gr. 30 m.which 
may be applied tothe like declinations in all meridian and 
dire& polar planes. 

As in the former example of the p olar plane, wher: BC 
the height of the ſtyI2is found to be 1 inch, 61 cent: if ic were 
required to find the diſtance berween B the top of the ſtyle, 
andthe points wierein tne hour=-lines of 7 inthe morniag; 
or-5 after nooe, do crolſe the xquator (which diſtances, I 
Cattilcc 


+» (0d c1171es of declination. = Av 


-E 1]led the (scante of chaſe houres,) either you may*:xtend 
th: compaſſea from the finc of 15 gre. the complement of the 
hoare from the ſubſtylar unto the fine of 92 gr: fo the ſame 
s_- AN po | Is. 2-30; 26 55 20 {2 £1 «41 = | 
a w__ p4 i Pa n pa: [ pa.] ®P in pa 
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The Tangents and Secants in the 3+ and 4 columns of eaje 
Tab'e are taken out oftheTables of the NaturalTarngents and 
Secants, according to the degrees and minutes tbatarein ihe 
{econ column of this Table 


Aaza2 remali- 


- 133. Thedeſcription of the Tropiqnes 
extent will reach in the linz of numbers from 1. 61, the l:noth 
of the ſtylz,unt? 6, 21, according ro the formzr Canon. Or- 
elſe you may make ule ofthe formerTabl2,extending the com» 
paſſes in the line of numbers from xe oo the length of the ſtyl> 
11 the Tatl-, unto 1 641. the length of the ſtyl2 belonging to 
your plane,ſo the ſame extznt ſhal reach from 38.64 the ſecanr 
in the Tab!z, unto I. 21, and ſuch is your ſecanc required, the 
diſtance bzrw2en the to5 of the ſtylz, and r1e point of inter[>- 
Aion, wherein the fifc hour-lin2 from the ſubſfylar doth ccoi{: 
the #quato-. | = ww; 

Again,the ſame extent wil reach from 15: $o the diſtance in 
the Tab): belonging tothe fi't1 hour-lin2 berw2en the xqua- 
tor,Sthe parall?l of 13 gr.o 3o m.declination,unto 270 for the 
lixe diſtance upon your planz,and ſo for the reſt, which may be 
gather2d,and ſer down in a Tabl>. © 

That dons, and the zqua- | 
tor drawn as befor2, if you | EZTAn po Tang j<ccant|Tro 
woul4l draw the tropiquzs | $ |6r- M,'In Pp > p{In 
in t12 polar plan2, look in= |, Fo Goo oli 61 bo 70 
to the Tablz, and take 70 |; y 1s 0043|1 63/0 72 
cent.out of the line of inches, 093| 850 8o 
and prick them down in tae 9 345 on61| 27þ gg 
inbſtylar on either fide of | & 21,0 79 [3 22 |1 
the zquatour, and ſo 72 cent: | 7 57 06 c0 : 24/2 ka 


on the firſt houre, and 80 on IL Micah 

the ſecond houre, and 2 in- 

ches 70 cent: to the fifth hour from the ſubſtylar , and the reſt 
of theſe diſtances on their ſeveral hour-lin2s,and then draw a 
crooked linz throuzh all theſe points,ſfo as it makes no angls, 
the line ſo drawn ſhall be the Tropique required. In like man- 
ner you may dravy any other parallel of declination. 


CHAP 


=_ 


and civeler of diclinarien. 
CHAP. XI11. 


To deſerihe the ixopiques, and other circles of 
atclination 11 ſuch a plane as is 
neither equinotzall, or 


polar, 


e: 
f 


| 5a Planes neither zquino&ial nor polar, ti? xquator will be 

a right linz, the tropiquzs and cther parallels of declinati- 
on will be conical ſe&ions,ſome of them A. el- 
liptica), bur the moſt of them hyperbolica). | 

To find the points of interſe&ion of theſe parallels with 
the hour-lines we areto conſider, firſt the length of the axis of 
the ſtyle in inches,and part of inches; ſecondly, the height of 
the ſtyle above the plane; thirdly, the angles at the pole be. 
tween the proper Meridian and the hour-circles. Theſe being 
known,will help us to find firſt the angle between the axis,and 
the hour-lines on the plan; and thenthe diſtance between the 
centzr, and the parall1s: both theſe may be repreſent=d inthis 
manner. . 


The.deſcr 3;$1c8-of the Trop/ques 


- 


GA 
tf S ; 


Let thetriangle ABD be made equall to the ſtyle belong- 
ing to your plane, A Cthe ſubſtylar, B C the axis of the ttyl; 
AB the length of the ſtyle perpendicular tothe plane. Then 
—having drawn theline BD perpendicular to the axis on the 
center 3, and any ſemidiameter BD deſcribe an occult ark 0 
a circle, and therein inſcribe a chord of 23 gr. 30 m. from D- 
unto T, on either fideof the line, with ſuch other intermedi- 
ate declinations as you intend to deſcribe onthe plane, ſo the: 
perpendicular BD-\hal be the zquator, and B T the tropiques, 
-and the other intermediate lines , the parallels of declination- 
Wherefore you may take outthe diſtance C yy from the cen- 
terto the #quator, and prick it down on the ſubſiylar of 
your plane fromthe center at C unto jp, ſo the loo 
ghroug 


and cirtles of declination; 3 gf | 


through T perpendicular to your ſubſtylar, (hal be the #quator 


of your planz. 

That dons, take the diſtance of each hour-linz between the 
c#n ter, and tb2=quator of your plan2,an4 prick them down in 
the zquator of this figurz, from the center at C , noting the 
place, where they croſſe th2 xquator,with the namber belone- 
inz to the hour, and drawing the houre-lines from C through 
the lines of declination. 

Or having the Sefor,you mry draw an occult linz C E pzr- 

endicularto the axis BC, and therein prick down the tan- 
gent-of the height of thz ſty]2 above the plans, from C unt>B. 
Then draw the linzEF parallel to the axig,cro/fing the ſubity- 
lar produced inthe point F , this line EF will be the line of 
ſin2s upon the Sefor, and therein you may prick down the ſin23 
of the complem2ng ofthe angl2s atthe pol: from & toward F, 
and draw the hour=-lines by thoſe points thro1gh the linzs of | 
declination, ſo the anzles at C between the ax13 BC an t thoſe 
ho:r=-lines, ſhall be the angles between the axis of your ſtyle, 
and the hour--lines on Jour plane,and the ſevera] dittances b-- 
tween? the point C, and th=linzs of declination, {hal give yo! 
the like diſtances bztween2 the centzr, an the parallels of de- 
clination upon the hour-lines in your plane. Upon this ground 
it followeth, | 


1 Toproportion the tile unto the plane,” 


Conlader the height of the ſtyle above the ptine, and the 
lznagth of the ſubſtylar betweene the centzr and the place 
which you intznd tor the Tropiqu?. If it be the Tropique 
which is farthelt from the center, adde 113 gr. 3o m. if tn2 
nezrer Tropiqu?, adde 66 gr. zo m. unto the height of the 


. ſtyle, r1eremainder unto 180 gr. ſhall give you the altitude 


of the Sunn2 atove the plan2, when he commeth to thar 
Tropiqu:. As inour latitude th height of the ſtyl: above an 
\horizoncal plane is 51 gr. 3Zom. addeunto this 113 gr: 30m; 
$a? ſumm? 18165 'zr. which bzinz taken oat of 180 gr. the 
r:mainder 


4 a) _ "4 & 4 A Nie... Gabe, vy 9 
ads _ —— , 


192 The deſcription of the Tropiques 
remainder will be 15 gr. and ſuch is the alticude of the Sunne 
above this plane when he cometh to be in the Winter tropiquez 
bur if you add 66 gr. 3o m7. unto 5 1 gr. 30m. the remainder to 
180 gr. will be 6g gr. And ſuch is the altitude of the Sunne in 

the Summer Tropique, Then 
5" | 


Asthe ſine of 66 gr: 30 m. 
ro the {ine of the ſuns altitude : 
So the length of the ſubſtylar line, 
to the length of the axis of the ſtile. 
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| lubfiylar line, wherein knowing BC _ " angle BAC. 


0". I" 


w93 
As in the firſt examples of the declining verticall , where 


: the height of the fiyle was found to be 34 gr: 33 min: and is 
here repreſented beforepag, 150. by the angle BC S; add 


wo this height 113 gr? 30m. forthe angleC BS, thefum will 
be 148 gr? 3 m. and the remainder to 180 gr. will be 31 gr. 57 
».and ſuch is the angle BS C of the altitude of the Sun 
above the plane, when he cometh tobein the tropique of S, 
which is here the fartheſt tropique from the center. 

Then ſfuppofing the length of the ſubſtylar line between the 
center and the place which is fit for che fartheſt _— co 


| be about 21 inches, extend the compaſſes from the fine of 66 


gr; 30m unto the fine of 31 gr.57 #,the ſame extent will reach 
in the line of numbers from 21 unco 12. 11, and ſothelength 
of the axis of the ſtyle ſhould be 12 inch: 11 cent: Or it may 
ſuffice co make it jaft 12 inches,as a morecafie ground for the 
reſt of the work. 

Bat-if it were required to proportion. the ſtyle unto the 
plane, ſo az it may caſt the ſhadow to the full length of the 
ſubſtylar line at all cimes of the year, you may then confider 


' the ſun in the rropique, which is to be ſet neareſt unto the 


center,and add 66 gr-3O m. Unto 34 gr. 33 m- ſo the remainder 
unto 180 gr. will be 78 gr. 57 m. And if you extend the com- 
paſſes from the fine of 66 gr. 30m. unto the fine of 78 gr:57 me 
the ſame extent will my cheline of numbers from 21 un» 
to 22. 47 for the length of the axis of the ſtyle. 


2 Having the length f the axis, and the height of the 
Hyle above the plane, to find thelength of 
| the ſedes of tbe ſtyle, _ | 


© The fiyfe of a plane veicher zquinoRiall nar pofarymay be 


cither a ſtall rod of yon (er parallel tathe axizofche world, 
or perpendicularto the 


brafſe made in forme of a reQangle' triangle B. AC with the 


© baſeBC parallel tothe axis of the world, the fide AB per- 


pendicular to the plane, and the fide A C the ſame with the 
As 


\ 


e plane or elſe atbin place of ironoe. 


v.85 
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Azthe fine of 9O gr- 
. - tothelength of the axis: 
So the {ine of the height of the ſiyle, --. 
£0 the length of the perpendicular fide ? 
And fo the coline of the height of the fiyle, 
cothe length of the ſubſiylar fide. 


Thus in the former example, the length of the axis being 
ſappoſed to be 12 inches,and the beight of the iyle 34 gr. 33 
wm. Extendthe compaſlſes from the fineof go gr. (or elle from 
the fine of 5 gr. 45 m Junta 12 intheline of numbers,the ſame 
extent will reach from the ſine of 34 gr: 33 m.unto 6. Yoin 
the line of numbers for the lerg:hof the perpendicular fide, 
and from the fine of 55 gr: 27 mz: untog. 88, forthelength of 
the ſubſtylar fide. | 


3 To find the diflance between the centey and the 
£quatonr upon the fubſtylar lint. 


This is hece repreſented by CV, and may be found by re» 
ſolviog the re&anglerriangle C.By. 


As the coſine of the height of the ſiyle, 
is cotke fine of 90 gr :; 
- Sotkelength of the axis, + - 


to the diſtance of the zquator from the center. 


Extend the compaſles from the fineof 55 gr: 27 .unto the 
fine of go gr. the ſame extent will reach inthe line of num- 
bers from 12 unite 1457, Wherefote if you take 14 inch: 57 
- ce3}. and pricking them dewn on your ſubſtylar lige from C 

'Y wntoy, draw aline through Y, crofling the ſubſlylar at righs 
angles, thelize ſodrawn ſhall be the xquator. 


ge 
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"and circles of Declination: © ig7 


4 Tofind the angles contained between the 
_ equatonr and the bowr. lines. 
upon your plane, 


' Theſe angles made by B Y and che hour-lines , are com- PU 
plementsof thoſe which are at C, between BC the axis and " 
thoſe ſeverall hour-lines, and depend upon the angles at the 
pole, between the proper meridian and the hour-circles. 


As the figeof 90 gr. 
to the coftne of che angle at the pole: 
So the cotangent of the height of the ſtyle, 
to the tangent ef the angle berween the zquator and 
the hour-line. 


In our example, the height of the ſiyle is 34gr. 33 m. and 

the proper meridian falleth co bethe ſame wich the ciccle of 

| the (ſecond hour. after noon, wherewpon che angle at the 
pole, berween this proper meridian, and the cizcles of the 
hour of 1 on the one fide, and 3 on the other fide, will be 15 
gr;ſo between this meridian and the hour-circles of 12 and 4, 


* theanglewill be 30gr. 8c- asin the Table. 


"Ez \An.Po. Arc. Plajan EquiC V CS | C va | 
_:* jGr. M. Gr. M Gr. M.jIn. P. Ins P. | yn ; 
ſubſty] © of © c|55 27 14 57,20 80|\'T 2 
$154 39114 74.21 3611 25 

112- 4|30 - of18 Sox 32|15 33/23 44/18 4c 
[11 5145 of29 33145 45 16 75/29 O6|11 70 
10 6160 ola4 '30\36 020 col5o 84112 77 
9 7175 ol64 4230 30 34 10\lafin. |15 52 
8 8J90 ol59 ol o© oilnfinit 27 _ 60| 


| 


If then it be required to find the Angle, which the bour- 


| lineof 4 after noon doth make with the plane of thezqua* of 
Bbb 3 tor, 


296 - Thegkſwiptivaſthe Tropigues 


tor, that is the angle C 4 B contained between the heur- 
line C 4 and thelineB,, drawn from the top cf the Riyle 
unto the interſeRion of the hour-line of 4 with the zqua* 
_-.--- 

Extend the compaſſes from the fine of 90 yr. unto the fine 
of 60 gr, the complement of the angle at the pole, the ſame 
extent will reach from the tangent of 55 gr: 27 mm.” the com« 


plement of the beight of the pole, unto chetangent of 51 gy, 


30 m. and ſuch isthe angle C 4Bin the diagram Pay. 150. 
Or incrofſe-work, ifit were required to find the angle 
C 9 B, leok intothe table for the hour of 9; and there you 
ſhall find the angle at thepoſeto be 75 gr: and if you extend 
che compaſſes from the fine of go gr. upto the tangent of 55 
£r--27 min. the ſame extent will reach from the fine of 15 gr, 
the complement of 75 gr. vnto the tangent of 20 gr 26 mand 
(ach is (be angle C 9 B, madeat the zquator between the 
lineBg drawn frem thetop of the iyle, and the houre- 
tine C 9 drawn from thecenter. The likereaſon holdeth for 
the reſt, which may be found and ſer down ina table: then 
may you either draw theſc anglesat Cin theformer figure 
wow perfe&ly , and thence finiſh your work, or elſe pro- 
Cee ® 


5 To findthediflance between the center and the 
parallels of declination. 


The-diftances between the center and the parallels of de- 


clination, may be foond by refolving the triangles made by 
the axis B C, the lines of declination,and the hour-lines, For 
having the angles at the #quator, and knowing the declina* 
tion of the parallel}, if the parallel ſhall fall between tbe 
Xquatorand the center, add che declination.unto the angle 
che xquator-: or if it ſhall fall without the equator, takethe 
declination out of the angle at the zquatoryſo ſhall you have 
the angle at the parallel; Then, : 


As 


My , «» © mw Mc 


© men 


end rivcles of D telination; 197 


As the fine of the angleat the parallel, 
tothe cofine of the Declination : 
So the length of the axis of the iyle, 
tO the diſtance between the center and the parallel. 


Thug in our «xample, the angle at the zquator belonging 
tothe hour of 4 afternoon, was found beſoreto be 51 gr. 30 
m-if ycu would find the diſtance between the center aud the 
Equator, extend the compalles fromthe finecf 51 gr. 30m. 
unto the fine of 90 gr. the complement of the declination, 

theſame extent will reach in theline of numbers, from 12 
unto 15. 33, andſuchis thediſtance upon the hour-line of 4. 
between the center and the zquator. 

If you wculd find thediſiance upon this hour-line, be- 

* tween the center and the inner tropigue, whoſe declination 
is known to be 23 gr. 30m. adde the declination tothe an* 
gle at the zquator, ſo the angle at the parallel will be75 gr. 
wherefore extend the cowmpaſles from the fine of 75 gr. unco 
the fine of 66 gr. 30m. the complement of the declination,the 
ſame excent will reach in the line of numbers, from 12, untc 

11. 40. and {uch is the lerpth of the houi=line of 4 between 
the center and the tropique of yp. | 

If you wcald find the diſtance vpon this hour- line be* 
tween this center and the cropique of S , which is bere the 
fartheſt fromthe centergake the dectination out of the angle 

_ the #quator, ſothe angle at\ihe paralle} will be 29 gre 

wherefore extend the ccm pafies ficm the fine of 28tinto the 
fine of 66gr. 30m. theſameextent will reach in the line of 
numbers, from 12 unto 23. 44-& ſuch is the diſtance between 

thecenter and the tropique of & upon this hour-line of 4 

The like reaſon holdeth ter all the reft, which may be gathe*s 

 tedand fer down in a able. 
That done and the £quator drawn as before,if you would 
draw the tropique of &, look intothe table, and there find- 
ander the title C 9 the diffance of the ſubſitylar between - 
nter and the parallel of 55 to be 20 inch. $0 cent. take 
Bbb 3 20 


__ The deſcription of the Tropiques 
20 inch. 80 cent. out of the line of inches, and prick them 
down in the ſubftylarof your plane from Cuntos. 

Oc ifeicher che center fall without your plane, or the ex« 
| tent betoo large for your compalſes, you may prick down 
the difference between CY and C'S. As here the diſtance 
CY between the center and the zquator is 14.57, the di- 
{tance C 3 20. 80. the difference 6. 23. therefore taking V 
inches 23 cent: prick them down on the ſubſtylar from $ 
unto 5, and you fhall have theſame interſe&ion of the tro* 
pique and the ſubſtylar as before ; and the like reaſon hold* 
eth forpricking down of the reſt of theſe diſtances on their 
ſeveral hour-lines. 
8 Then having the points of interſe&ion between the hour- 
. lines and the parallel, you may Joyn them all in a crooked 4 
line without making of any angles,the line ſo drawn ſhalt be 
the tropique required. And after chis manner may yeu draw 
any other parallel of declination , whereof you have exams 
ples in the moſt of the former Diagrams. - 


3 | CHAP. x1u- 


To deſcribe the parallels of the Signs in an 
of the former Planes. 


Hezquator and the eropiques before deſcribed, do 
& ſbew the Suns entrance into 4of the Signes , the xquator 
I8to'Y and =, the one tropique into Sand theother unto, 
the reſt of the intermediate Signes will be deſcribed in the 
ſame manner as the tropiques, if firſt we know their declina* 
; tion. | 
E '- The manner of finding rhe declination not only of the'be- Q 


ginning of the Signes, but all other points of the ecliptique» gi 
, | i2 


'  andpardllch ofthe length of the day; 199 
:g before ſer down in 2. Prop: Aſtronomical, pag- 52. by which 
ou way find the declination of the beginning of &,Mt,and 
Xtobe1igr- 30m andof 1, M, Fandws tobezogr. 12 m. If 
then you inſcribe the chords of 11 gr. 30» and of 20gy. 12 m. 
into the former figure BD T Pag. 145. from Droward T, the 
lines drawn from B through the germes of thoſe chords ſhall 
be the Signes required. 

And with theſe declinatidns, the height of theſiyle, and 
the length of the axis,you way find the angles at the parallel, 
and then the diſtances between the center and the parallel, 
which being pricked down upon the ſeverall kour-lines (ball 

give youtthe points of interfe&ion, by which you may draw 
the parallels of the fignes, as in the figures belonging to the 
polar planes. 


_ 


CHAP. XV. 


To deſcribethe parallels of the length of the day 
inany of the former Planes. 


J's length of the Day will alwayes be 12 hours long 
L when the Sunne cometh to be in the zquator, and this 
heldeth in all latitudes ; butar other times of the year the 
fame place of the Sunn, will not givethe ſame length of the 
day in another laticude;wherefore the latitude being known, 
Were fick} 


To find the declination of the Sun agreeing to the 
| _ length of the af Po \ 


Confider the difference between the tength of anzquinc- 
Qiall day and the day propoſed, and turn the time into des 
grees and minutes. 


As 
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As the figzeof-g0 . 

is tothe fine of halfche difference 3 
So the cotangent of the latitude, 

eo the eangent ofthe declination. 


As if the length of the Day, propoſed were 15 hours, the 
difference between this, and «n zquinoQtiall day (whoſe 
length is alwayez 12 hours) would be chree hours, (which 
make 45 gr. and the half difference is 22 gr, 30 mm where» 
fore extend the compaſſes from the fine of go gr. unto the 
tangent of 38 gr. 30 x. the complement of the latitude , the 
Came extent will reach from the fine of 22 gr. Zo x, Unto tne 
tangent of 16 gr. 55 m. for the declination of- the Sunne at | 
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| F Parallels of the length of the day: _ 201 


fauch time as che lengeh of the diy is either 9 or 15 houress 
and from the fine of 30 gr. untothe tangent of 21 gr. 40 m. 


forthe declination belonging co 8 or 16 houres,and from the 


fine of 15 gr- untothe tangent of 11 gr. 33 m. for the decli- 
nation belonging to 10 or 14 houres, and from the fine of 
- 30m. untOthe tangentof 5 gr. 56 m. for the declina» 
tion of the Sun when the length ot the day is cither 11 or 13 
hours. 
Ifchen you inſcribethe chords of theſe arks into the for- 
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As the nets + 
is tothe fine of halfche difference 3 


So the cotangent of the latitude, 
co the tangent of the declination. 


As if the length of the Day, propoſed were 15 hours, the 
difference between this, and «n zquino&iall day (whoſe 
length is alwayez 12 hours) would be chree hours, (which 
male 45 gr-and the half difference is 22 gr, 30 mm. where» 
fore extend the compaſſes from the fine of go gr. unto the 
tangent of 33 gr. 30 xs. the complement of the latitude , the 
ſame extent will reach from the fine of 22 gr. 30 #s, unto the 
tangent of 16 gr. 55 ms. for" the declination of- che Sunne at. 


 Paralleliof the lengthof thedys 1261 
fuch time as che length of che diy is eicher 9 or 15 houres; 
and from the fine of 30gr. untothe tangent of 21 gr. 40 me. 
forthe declination belonging to 8 or 16 houres,and from the 
fine of 15 gr-untothe tangent of 11 gr. 33 mw. for the decli- 
nation belonging to 10 or 14 houres, and from the fine of 
7g7-30w. untOcthe tangent of 5 gr. 56 m1, for the declina= 
tion of the Sun when the length ot the day is cither 11 or 13 
hours. 

Ifchen you inſcribethe chords of theſe acks into the for- 


haz -  Payalleliof the length of the day. 
mer figure B D T, the lines drawne from B through the 
terms of theſe arks, ſhal be the lines belonging to the diur» + 
nall arkes, and the (everall diſtances between them and the 
point C give thelike diſtances berweene the center and the 
parallels of the length of che day upon the hourlines in your 

lane. | 
n Oc comparing theſe angles of declination with the angles 
at thezquator, you may kavethe angles at the paralle], and 
then find the diltances between the center and the parallel, 
which being pricked downe upon the ſeveral houre-li 
--— ſhall give you the points of interle&ion, by which you ma 
draw the parallels of the length of the - orlirkns 
another example in the diagram belonging to an horiz>ncal 
plane pag. 135, And by the ſame reaſon you may dramthe 
paralle)s of thoſe circles to which the Sun is vertical; the 
parallels of the principal feaſts, or what elſe depends on the 
declination of che Sugne. 
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CHAP. XVI. 


To 46 the old unequal houres in the 
former Plazxes. 


fi was the manner ofthe Ancients todivide the day into 
twelve equal houres,and the _ into twelve other equal 
houres, and (o the whole day and nights into 24 houres. 
theſe 24, thoſe which belonged unte the day, were cizher 
longer or ſhorter (excepting the two zquineRial daye) 
then thoſe which belonged unte the night; and the Summer 
houres alwayes longer then the koures in the Winter, accor- 
ding to the lengthening of the dayes, whereupon chey are 
called the old unequal (and by ſome the Planetary)b 
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To exprefle theſe in the former Planes : firſt draw the 
common houre-lines, the zquator, and the tropiques, as be« 
fore: then deſcribe two occult parallels of the length of the 
day, one for 9 houres,the other for 15 houres; for ſo you 
may draw a firaight line for the firſt unequall houre through 
5 bo. 45 m. in the parallel of 15, and through 8 bo. 15 wa. in 
the parallel of g:This ſtraight lineſhalf pafſedirely through 
7 bo. 0 m. in the, @quatpry and ſocat off. a ewelfth part of the 
arks above the horizon, both from theſe two parallels and 
the zquator : and being continued unto the tropiques ic ſhall 
alſo cut off about a twelfth part from them,and all the reſt of 
the parallelz of declination,wichout any ſenſible error. 
-- Jg like manner may you draw the ſecond unequall houre 
throggh.7 bo. inthe parallel of 15, through 8 ho, in the xqua- 
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tor,and through 9 ho. in the parallel of 9,and ſoin the ref, as 


. this Table. 
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And of theſe unequall houres you have a farther example 
in es belonging to the polar declining plane, Pap. 
160, 


—— a 


+... CHAP. XVII. 
” To draw the boures from Suns riſing and 
: Suave ſetting in the former 


* 


£ Hh know ho w many honrs are paſt fincethe Sun rifing, 
or how many remaintothe Sun ſetting ; firft draw the 


9: . * common 
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- +4 MHoures from Sun viſing and Sun ſetting; 


= xz 


cowman heute-Jines, the zquator, and thetroqiques, as be» 
fore: then deſcribe two occult parallels ofthe length of the 
days One for $ houres, and the atherſor 16 heures, For fo 


| u GATES from's #7 rifingiand Swnſetting 2 0F3- 
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He gowmon houres of 5 in the parallel of 16, of 7 in; the 
Mauator,.and of pimehe nrallel of 8. In like manner 'the ſe- 

| boure from Sun rifipg through the common houres of 
In the parallel of 16, of 8 in the xquator, ard of 10 in the 
paralleivf 8. And fo thereſt in their order. | | 
7 The firſt houre before Sun ſetting, or the-23 houre from 
| Ccc 3 the 


? 


206 To drawthe horizontal line. + 
Che laſt Sun ſetting may be drawn in like fore through the 
common houres of 3 afcer noon in the parallel $of 5 in the 
-£3uator, and of 7in the parallel of 16. The ſecond houre be. 
fore Sun ſetting, orthe 22 houre after the laſt Sun ſettin 
through the common houres of 2 in the parallel of 8, of 4 in 
thexquator,and of 6 in the parallel of 16. And fo theretſtig 
the like order, whereof you have another example inthe Diz+ 
gram belonging to the declining vercicall, Pog. 150. 


ee 
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CHAP, XVII. 


= - | To draw the horizontal tine in the b 
2 former Planes, 
= He common houre-lines do common depend on the 


ſhadow of the axis , bur the parallels of the Signes, and 
of the length of the days, the boure-lines from Sun rifi 
afd Sun ſetting,with-manyothers, depend on the ſhadow. of 
the topofthe ſiyle, or ſome other point in che axis , which 
here Fenificch the center of the world, and is repreſented by 
the point B, And thefe lines {o __—_ then only uſe- 
full when they Cen the ewotropiques,. and within 
" tue horizon,” | D. - "ol 
. - Thererhay be ſeverall horizoncall lines drawn uponev 
- ry plane, as Iſhewed beforein finding the inclinationof 
plane; but the proper horizontall line which is here meant 
muſt alwaies be in the ſame plane with B the top af che {t ls 
ſothac in an horizontallplane Argos be no'ſath hd17Zon> 
tall line, bucig all other planes it may befour 
the borkontat leggof the Ser ned tHy top -of t ft | 
and then working as before; and the ifcerſe&ion of this lit 
with che meridian or ſubſiylar line, may be'foprid by propore 
OM fog aire eqn ww2 arbd nub fft 91} To 
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To draw the borlzomtall lac. | 207 


x To find the interſetion of the bortzon with the 
meridian, in ar equimeiral plane. 


As thetangent of 45 gr, 
cothe tangent of the laticude: 
Sois the heighr of the fiyle, 


eo the dittance between the ſtyle and the horizontall 
line. 


As intheexample of the former zquinoRtiall plane, Pag. 
131. extend the compaſles from the cangent of 45 gr. unto 
61gr. 30 w.thetangent of the latitude, the ſame extent will 
reach in the line of numbers, from 51 the length of the ftyle 


- unto 66, and ſuck is the diſtance between the ſiyle and the 
- horizontall line; wherfore Ttake 66 parts out of aline of 


inches, and- prick them down in the meridian line from C 
unto H above the ſiyle in the upper face, bur below the ſtyle 


 Inthe lower face of the plane, ſoa right line drawn through 


HB, parallel to the hour of 6,ſball be the borizontall line. 


2- Tofind the imterſe3con of the horizon with the 
| meridian, 1n 4 diret polar plant. 


As the tangent of 45 gr. 
tothe cog enc of the latitude: 
So the length of the Style, 


tothe diftance between the fiyle and the horizon» 
call line. 


. Az in the example of the former polarplane, Pog. 133.ex- 
tend the cowpafles from the tangent of 45 gr. untotangenc 
of 38 gr. 30m. the complement of the latitude, theſameex- 
tent will reach inthe line of numbers, frem I. 61 theleygth 
of the fiyle, unto 1. 28, andſuch ixthe diſtance ugon the me- 
a. ridian 


«* _- ” 44 
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203 The deſorlptiowofebo vertical circles 


ridian b:twzen che ſtyle and thehocizoatall line. 


In all upright planes, whether they be dirc@ verticall, or 


declining, or meridian planesche horiz >atall line muſt al 
wayes b: drawnthroagh A che foot of the tyley as may ap» 
pearin theexamples before, Pag. 131.138, 150» 
And generally ia all planes whatſoever , the horizontall 
line maſt be drawn through the interſeRion of the 2qua« 
 tourwith the houcof 6. Ocrif char iarecleRioa fall wich- 
out the plane, yetifany arks of che lengch of che day be 
drawn on theplane, the hocizoacall line may bz drawn 
ehrough their interſe&ions, with the houres of che Suns ri- 
fing or ſetting. 


CHAP. XI X- 


To deferibs the verticall circles in 
the former planes. 


T= verticall circles commonly called Azimuths,are great 
circles drawnthrough chezenich, by which we may 
know in what part of the heaven the Sun izhow far from the 
Eaftor Weſt, and how neer unto the meridian. * 

In all uprighe planes, whether they be direR verticals, or 
declining, or meridian planes, the ſemidiameterof rhe hori- 
ron will be the ſame with A B che perpenilicalar file'of the 
ſigle, and theſe Azimacks will be parallels one to the '6ther, 
and the diſtance ofeach Azimath, from the foor of che {yle 
upon the horizontall line,may be found in this manner. 

Conſider the length of the tiylein inches and parcs of in- 
ches, and the diftanceof each Azimuth from theftyle, accor- 
ding to the angle at the zenich in degtees and minates. _ 


As the cangenit of 45 gr. | 1 
tothe tangent of azimurh: (31:4:4 


209 


AE , ( PO ; p 8. 1D, pe» : 
The ieſcriptiauof the comn an aximuths. 


' Sothelength of che ſtyle, 
tothelength of che horizontall line between the 
ſtyle and the azimuth. 


a. 


| 
«7 | 
| , | 


-Agifitwere rerequired to draw the common azimachs- on 
as South face of the vercicall plane before deſccibed, where 
ABrke length of the iylemay be ſappoſed to be 20 inch. pu 
H:rethe plane baying no declination, the: ſtyle is in che % 
eof rhe * arkdton; & ſogoincerh dice@ly into the South. 
Th uu of SbEjigi1 grei5 weGitaud from theſtyle, and” 
SSE 


gent of 11 gr. 15 #. unto 1. 99 in 
the line of numbers for the length 
of che tangent line, between the 
ſtyle and the point Sb E, and from 
the tangent of 22 gr. 30 m. unto 4- 
14 for SS E, and fofor the 'reſt, as 
in this Table. EE 
In like manner in the firſt exam- 
ple of the declining plane, where 


the flyle ſtandetls according £0 the. 
declination 24 'gr. 20 m. difiant 


"6 


2609 + Thedeſcriptionofthe azimuth, 
SSE22gr. 30m. and thereſtintheir order ;wherefore ex: 
end the compaſſcs from the tangent of 45 gr, unto 10 inthe 
line ofaumbers, the ſame excend will reach from the tan. 


Mes 
\ 


muthz.\Gr. 


Oo 


from the South coward the Weſt, 2 


The next point of Sb Wis but 13 gr. 


5 m.diltant fromthe ſtyle; & the le» 


cond ot SSW only 1 gr. 50 m. and - 


thethird of SW2S is again 9 gr. 25 
mand thereitin their order. 


of che ſtyle to be 6 inches, So parts, 


"extend the compaſles from thetan- © 


gent of 45 gr. unto 6. 80 parts in: 
the line of numbers, the (ame ex- 

tent will reach from the tangent of 
/ 24 gri 20 m.-anto 3.07 in 
/ © numbersforthe length of the tan- 


- .-gent line between the ſtyle and'the - 
South, andfromthetangent of- 13; 


gr-5 m1. gnto 1.58 for the poine of 
Sb; and fo for theref}, as'in this 
Table. 

That done,if you take theſe parts - 
cut of alineof inches, and prick 
them down in the horizontall line 


oneicher fide of the fiyle, drawing 


heres-- [I 


fore baving before found the length | 


e line of 
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right lines perpendicular tothe horizon through theſe inter» 
ſe&ions, but ſoas they may be contained between the ho» 
gizontall and the tropiques, thelines ſodrawn ſhall be the 
azimuths required. | 

In an horizontall plane theſe 2zimutkhs are drawn more - 
eafily.For here the perpendicular ſide of che ſtyle is the ſame 
with che axis of the horizon, and the foot of the iyleis the 
yertical point, in which all che azimuth lines doe meete as 
their circles doin the zenith : wherefore let any circle de(> 
eribed on the center 4, at che foor of the ſtyle, bedivided 
ficſt into four parts beginning at the meridian,and then each 


quarter ſubdivided eicher into eight equal parts, accor- 


ding tothe points of the Marciners compaſle,or into 90. gr 
according totke Aſtronomicall diviſion z if you draw right: 
lines through the center and theſe divifions, the lines fo 
drawne ſhall be the azimuchs required, 

In all other planes inclining co the horizon, theſe vertical 
circles will meer in a point, but that vercticall point being 
moreorlefle diſtant from the foot of the fiyle, the angles at 
this point will be unequall. 


-... J. To finde the diſtance between the foote of the 
| © flzle, andtbeverticall point. 
| The verticall point wherein all che verticall lines do meet 
will be alwayes inthe meridian, dire&'y under or over the 
top of che ſtyle; and the angle berween the perpendicujar 
belts ſtyleand che verticall line, will be equall co the 


ination of the plane to the horizon. Wherefore 


ii, rey + EL LEE CT ONCS _— - ——— - * a .: 5'© , 


Azthetangent of 45 gr. 
'-*_ -tothetangentof the inclination of the plane: 
+ * Sois the length of the fiyle,  .. 
co the diſtance between the foot of the fiyle andthe 
verticall point. 


So Ddd 2 Thus 


212 " Tie deſcription of the azimuths 
Thutix'the firk exampic of che dcelining inclining plane, 
where the upper faceot ine plane lo2king Souchwelt; the de 
clination was 24 gr- 20 m-the inclination 36 gr; and you May 
ſuppoſe AB che lcngth ot che 11yle robe inches: It youu: 
tend che compalics tcom che taugenc ot 45 yr. ano the tans 


gent of 36 gr. the ſame excent will reach in theline of num- 
bers from 6.00 unto 4. 36, forthe diſtance A F berween 4 
thefootof the ſiyle and F the verticall ping. 
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#0148 inclining plane  ; 


2 To findthe diflance tetween the faot of | 
the ſlzle and the horizontal line. | 


Asthe tangent of the inclination of the plarie; 
istothe cangent of 45 gr. 

So thelength of the liyle, 
to the diſtance between the foot of the Nyle and the .. 
horizontallline. ES 3 | 


Sothe ſane extent of the compaſſcs as before, will reach 
in theline of numbers from 6. oounto $8 26 for the diftance 
A H between the foot of the ſtyle and the horizontall 


(N _ 
© Then may you take 4 inches 36 cert. and pricking them 
down from A the foot of the ſtyle unto che verticall poinc 
inthe meridian, draw the line Y A, which being produced 
hail car the horizon in che point H with right angles, and 2 
'be chat parctcular 2zimath'which is perpendicular co the 
ne. | on EN. 
Fo you may take 3 inches 26 cent. and prick them down 
in the former line Y A produced from A unto H,and ſo draw 
the horizoneall line through # pepaitatlee unto Y H, 
\which horizdntall line being produced will croffe the Zqua* 
torin the ſamepoint whereinthe.zquator croffeth thehoure- 


$ 


line of 6, unkfle there be fome former error. 


. 3 .Tofindthe apyles made by the az1mmuth lines 
dt 4b the vertical! prime 


' The angles at the zenith depend on the declinatisn of. the 
"Plane, av in-our exatmple, wherethe ſtyle ftandeth according 
 thedeclination 24 gr-20 ms. diftant from the Soath edward 
the Weſt; theazimuch of 10 gr. from the 'tiieridian Eaſtward 

_ Willbe 34 gr.-20_m. the azimuth of 10gr. Weſtward wil be 
| Ddd 3 only 


9 


214: .; "I bade(oriprien of the azimuths 
only 14gr- 20m. diſtant from the ſtyle, and ſothereſt in their 
order. ; _ SE , 

Or if you would rather deſcribe the common azimuthg, 
the point of SLE will be35 gr. 35 mw. the point of $6 I 13 
gr. 5 m. diſtant from the iiyle, and ſothe reſt in their order, 

Then 


Az the fine of 90 gr. | 
'  ” EOthecoline of the inclination of che plane: 
So the tangent of the angle at thezenich, 
tothe tangent of the angle at the vercicall point be. 
tween theline drawn through the foot of the Riyle 
and the azimuth required. 


| Wherefore the inclination of the plane in our example be 

Ing 36'yr- extend the compaſſes from che fine of 90 gr. uns 
the fine of 5, gr. the ſame extent OS 
Salt reach inthe lineof. tangents, 
from*24 gr. 20, m unto .20 gr. 5 m 
Vin the "ele V aartthe Sica 
point, berween the lineV/ H drawn 
through 4 the foot of che ſiyle 
and the Soath. Again, theſame 
excens will coach from the ta gens 
of 13'gr- 5.4. @nnito 10 yr. 38 mv. for 
the _, belohging 8 1; andſo 
'for the reſt, as in this table. 

Theſe angles being known, if 
on the:center:F,.. at. the-verticall. 
poine , you deſcribe;;ag'':occule- 
circle, and therein inſcribe the 
chords of theſe angles from the line 
V H, and chen draw right lines 
through che yercicall poige, 


K ps | : ; i v9 a > 4 
the termes of choſe chords, the lines, - 
fodrawn ſhall rg ha : 
quired LO - 
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- \ " apon aw facliningplane;” \ a1 
| Thelikereaſon holdeth for che drawing of the” azimuths 
ppon all otherinclining planes, whores pf you have aridther” 
example in che Diagram: belongingeo the meridian incliner; 
= . 163» « . X L '$ f © | 
Oc for further ſatisfa&ion you may find where each ari- 
math line ſhall crofle the equator. 
As the fine of g0gr.' © FL EN NE 
to the fine ot thelatirude : SY 
So the tangent of the azimuth. from the meridians + 
to the tangent of the zquator from the meridian, 


Extend the compaſſes from the fine of go gr. unto the fine 
efour laritude 51 gr. 30 m. the ſame extent will reach is the 
line of tangents from 10gr. unto 7 gr. 50'm. for the interſe- 
dion of the 2quator wich the azimuth of :10 gr. from; the: 
meridian. Again , theſameextentiwilh reach: from-29 gro+ 
unto 15 gr- 54#s forthe azimuth of 20 gr. And (othe reſt y/ a8. 
inthoſetables. op ie ol ny | 


vill croſfe 
u ame JETS 
wihthe horizontal line agd the hou kthes- 


t 
 ptmnch- 


te A; 
=> 


© - $16 , Thedeſcriptilngof tbeparalels of the hor i20# 
- zimutB of 45 gr- will -croffe che. 2quator at 33.gr. {2 am, from 
the meridian; that is,ahe lineof S Ewilleratiethezqua 
atthe hour of 9.and.2$ xcin;the marningan@beline tf SW: 
at2 bo. 32 min. in the afcernoon; and(o for the reft, where: 
. by you way examine your former work. | 7 
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and parts, andithediftance'of the parallel from che horizon 
| x, 53 DIY *; *, 


-— ws 


is the length ofthe ſtyle: - VE, 
to theſe 


ow 


Thus is the example of the horizoptall plane, Pag. 205, if 


A B the length of the s yle, 
required to fin + 


rang: ; ues ement of the gpcalld ano 3s 65, 
4 ] clrcle on the center Ato the ſemidianger 
tax of A hes cent. Tr the parallel ny 


ts 0 > > 


wd _ 


#p8nen borizontallplane; * 


In all upright planes, whether they bedire& verticals , or 
declining, or meridian planes, theſe parallels will be conical 
ſe&ions, and may be drawa through their points of interſe . 
&ion, with the azimuth lines, in the ſame manner as the Pa- 
rallels of declination , through cheic points of interſe&ion 
with the houre-lines. To this end you may ficlt find che di- 
ſtance between the top of che ſtyle and the azimuth ; & then 
the diſtance between the hotizon and the parallel, both 
which may be repreſented in this manner. 

Oathecenter B and any (emigiametec B H, deſcribe an 
occult ark of a circle, and therein inſcribe the chords of ſuch 
parallels of alcitude as you intend to draw on the plane, (I 
have here put them for 15. 30. 45 and 60 yy.) then draw 
right lines threugh the center & the termes of thoſe chords, 
ſothe line B H hall bethe horizon, 'and the reſt the lines of 
alticude, according totheir diſtance from the horizon. 


That done,confider your plane(which here for exam ple is 
Eee the 
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218 | The deſtriptits ef the faralleÞ of the I rite, 
the South face of cur verticall plane, page 209) wherein has 
ving drawn both the horizontal] & verticall JinegaxT ſhey «d. 
before, firſt take out AB rhe length of the iyle, and prick 
thardown in. this horizontal! line from B nnto a; then 
take out all the diſtances between B rhe top of the ſiyle and 
the ſeverall points wherein the verticall lines do crofle the 
horizontall, tansfer them into this horizontall line B H, from 
the center B, and at the termes of theſe diſtances er«& lines 
perpendicular tothe horizon, noting them with the numb-r 
or letter of the azimuth trom Whence- they were taken, fo 
theſe perpendiculars ſhall repreſent thoſe azimuths, and 
th eſeverall diſtances between the horizon and the lines of 
altitude ſhall give the like giltances, be:ween the horizontall 
and the parallels of altitude upon the zzimuths in your 
plane. Upon this ground it folleweth. 
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1 1 To find the diſtance between the 10p.of the flyle,and the 
IS ſeterall points nherein the azimuths ao croſſe 
the horizontal line. 


Having drawn the horizontall and 2zimuth lines as be 
fore,looke into rherable by which you drew them, ard there 
you ſhall have the angfezs at the zenith. Then 
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p84 Gerticall plane. = 


As+hecofine of the angle at the zenith, 
is to the line of go gr. - 
So the lengrh of che ſtyle, 
to the diſtance required, 


$0 Thedefoription of the parallels of the hovizan 


SbW)untothefine of 90 gr. the ſameexrenrtwyilt ce 
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As in our example of the yerticall planie,. where A B the 
length of the ſtyle was up tobe 10 inches', extend the 
compaſles from the fine of 75 gr. 45 ms. (the complement." of 
11 gr. 15 #3. the angle at thezcnith, belonging to Sb E and 
I0, 00 the length of the tiyle, unto 10.20 for thediſtance 
tweenthe top of the fiyle and. che interſcRion of the at 
muth 8b E with the horizontall line, which diſtance may he 
called the ſecant of the azimuth, and may ſerve for the.dray 
ing of the parallel of 45 gr. from the horizon. | Thelike r 
ſon holdeth for the reſt of theſe diltarices here repreſented 
thelineB H. 5. ow | 


2 To find the diftance between the horizon . 
and theparallels,  \ 


- © As the tangent of 45 gr. 
to the tangent of the parallel: 
So the ſecant of the azimuch, 
to thediftancerequired. 


Az if i were required todray the parallel of 15 gr- _ 
| oe 
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290: au inclining plane, 22I 
the horizon,upon this verticall plane ; ex cend the compaſle s 
from che tangent of 45 gr. unto the tangent of 1 5 zr. the ſame 
extent will! reach inthe line of numbers from 10. 00 the ſe- 
cant of the Souch azimath unto 2. 68, and therefore the dis 
tance betweene the horizon and the parallel of 15 gr. is 2 
inches 68 cert. upon the South azimuth. Agaiye, the ſame 
extent Wiil reach from 10, 20 the ſecant of Sh E vnto'a.”7 
for the like diftance belong:ng to Sb Eand SbW, and fo 
for che reft, which may be gathered and ſer downe in the ta- 
ble. 
'  Thatdone, andthe horizen and azimuths being drawne, 
prick downe 10 inches from the horiz >ntall line upon the 
South azimuth , and 10: inches 20 cent. on tht azimuths of 
$b E andS#F, and 1oinches $2 cent. on the azimuths of 
$KE andSSYW, and 12inches 3 cent. on the azimaths of 
$EbSandSF BS, and lo thereſt of theſe diftan :es on their 
ſeverall azimuths : then if you draw a crooked line chrough 
theſe points, that may make no angles, the line (odrawne 
hall be che parallell gf 45 gr. from the horizon. Ia like man- 
ner may you draw the parallel of 15 gr.or any other parallell 
of alcicude upon any verticall plane. '- + 
If the plaine incline to the horizon, afcer we have found 
the yerticall poinr, and drawne the horizontall line, we are 
farther to findethelength of the axis of the horizon, then 
the angles betwixc this axis and the azimuth lines, and ſo 
the ſeyerall diſtances between the parallels and the ver- 
ticall point, all which may be repreſented in this man- 
On the center B, and any ſemidiameter, deſcribe an oc- 
cult quadrant of a circle, and therein inſcribe thechords of 
ſuch parallels of altitude as you intend to draw on the plane, 
drawing tight lines through the center and the termes of 
theſe chords, ſo the line BH ſhall be the horizon, and his 
rpendicular B V the axis ofthe horizon, and the reſt the 
hag of altitude, according to their difkance from the ho. 
Fizon. ; 
That done, confider your plane, which here for exawple 
ce 3 ts 


-222 To dr the parallels of the horizon 
is the ficſt of or three declining inclining planes , w herein 
having drawne boththe%koriz »ntall. an verticall tines'a2 ] 
ſhewed before , ficſt takeout the axisof the horizon , which 
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:33theline between B chetop of the fiyleand V the verticall 
point , and prick that downe in this fgure from B vntoF; 
then take-out both the lineV H and'-aYrhereft of che 'difiin- 
ces'between V che verticall pornc-and the fevera7I! pothts 
wherein the vertioall lines do croffe the horizontal Tine bf 
chis figure, fromthe point V, noting the place where they 
croffe the horizontall line with the namber or letter of the 
zzimurh from whencethey were teken,and Utkwing the azi- 
math lines from V chroughrhelines of atticade,” © + 7» 
Oc having the Seff#7'you thay Uraw an octo't Time VE per» 
pendicular to the axis VB, and therein prick down thetan- 
ent of the complement of the indination of 'the plane 
! Hip P umtb E: then draw the line © F 'paralle to the att, 
croſſing the line V H proderced inthe 'pvim-F; fo th9s Wie 


EF will be as theline of lines upon the Sefor , and thietewh 


+ + 4: you 
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pon au wnolining plane, 222 
you may prick down the fines of the complement of the 
angles at thezenith. treom E towards F,and'draw the vertical 
lizes by thcſe points througbrbe, limes.of altitude, ſo the 
angles at V, betweentbe axis V. Band, thoſe azimuth lines, 
ſhall be the angles betv cen the axis of the horizn and the 
2zimuth lines on your plane and the ſeverall diftances be- 
eween the point V and thelines cf altitude, fhall give the 
like diſtances between the verticall poinc and the parallels 
ofalticude upon the 2zimuths in your plane. Upon this. 
ground it followeth, 


t- Tofind the length of the axis of the 


H or:1Zop. 


The vertical] point is alwaves cicher dirc&ly over or un* 
der the cop of the fiple, and thedifiance between them is 
that which I call the axis of the horizon,which may thus be 
ound, 


As the cofine of che inclination, 

f tothe fine of ,0gr. 

_ Sothelength ofthe liyle, 

to thelength ofthe axis of the horizon. 


*- 


- 


For cxawple iv the firſt of thethree mo iiclinin 

Rees tothe horizcn is 36 gr, the engikiof 
the flyle AB$x inches, extend the compaſics from the fine 
of 54 gr-the complement of the inctination unto the fine of 
90 gr. the ſame extent will reach inthe line of numbers from 
6.00 unto 7. 42, and ſuch is VB the length” of the axis” xe» 
quired, 


af; Thedeftriptionof the peralelsof the barizon 


2 To find the angles contained between the 
horizon and the vertical lines 
pon your planes 


The angles at the verticall point between the axis of the 
horizon and the azimuth lines upon yeur plane are repre « 
ſented in this figure by thoſe at V, between V B and the 
azimuths. The angles berween the hocizon and che ati: 
muth lines being complements tothe former, are repreſen- 


————. 
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2 ohh poranirclomwng Blige > $25 
cedeicher by thoſe which are made by V E or by BH, and 
the azimuth lines which are drawn from V. wes 

That you may findthem; look into the Table , by which 
ou drew the azimuth lines, there ſhall you find the angles 
atthezenich. Then 


As the fine of go gr. 
tothe coline of the angle at the zenith : 

S) the tangent of the inclination to the horizon, -. ' 
to the tangent of the angle between the horizon 
and the verticall line. 


In our example where the inclination.to the horizon is 
36-gr. and theangle at che zenich between che azimuch at 
the ſtyle and the meridian, is according to the declination 
24 gr. 20m. extend thecompaſles from che fine of 90gr. unto 
the tangent of 36 gr. the ſame extent will reach from the ſine 
of 65 gr. 40m. the complement of the angle at the zenichgun- 
to therangent of 33 gr. 30 m. for the angle contained be- » 
tween the horizon and the South part ofche meridian line. 
Againztheſame excent will reach from the cofine of 35 gr 
35 m.theangleart the zenich belonging to. S b E unto the 
tangent of 30 gr. 3 m. for the angle between che hori- 
z2n and the azimuth line of Sþ E, The like reafon hol« 
deth for the reſt , which may be found and ſet down in the 
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Then may you either draw theſe angles at V in thefor* 
m er figure more perfeR:y, and thence finiſh your work, or 
elle proceed. 


-izh. 2 Tofndthediſterce between the vertical print 
and the parallel of the horizon, 


Theſe diſtances may be found by reſolving theerianglevin 
the laſt bgure made by the axis, the lines of altitude and _ 
aUmu 
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11, 9p08.4/7 indinvug ; Plite? = '2'I'y 
azimuth lines. Forbavingthelength of the axis and the an* 
gle, at the horizon, if you add the diſtance of the parallel 

from the horizon antothe angle at the horizon, you ſhall 

have the angle atthe parallel. Then | 


As the fine of the angle at the paralle!, 
to the coline of the altitude : 

Sathelength ofthe axis, 
tothe diſtance between the verticall poing and che 
parallel. I Ogre LO 


Thus is our example ific were required co find the di- 
| Ranceuponthe ſtylar azimuth V H, between the verticall 
point and the horiz2n, you havethe re&angletriangleoV BH 
' wherein the angleat the horizanhere repreſented by BH V*. 
is (equall tothe inclination of the plane) 36 gr. and BY the* 
axisof the horizon between the plane and the rop'of 'the 
fiyleis 7 inches 42 cent. Wheretore extend rhe compaſſes | | 
from the fine of 36 gr. unto the line of 90 gr. the complement 2» 
of rhe alticude, the ſame extent will reach in che line of 
numbers from 7.42-unto 12.62. and ſuch is the diftance of/ 
the perpendicular azimuth line V H between the' yerticall 
int and the horizon. . 
In like manner if you would fiad the diſtance upon the 
meridian between the verticall;point and the horizon,extend* 
the compalles from the fine of 33'gr. 30 m. the angle at 'the- 
horizon , to the fine of 90gr. theſameextent will reach” in 
the line of numbers from 7. 42 unto 13. 44, and ſuch is V a 
thediftance. between the verticall point and che (horizon 
m_ the line ofthe South azimuth, that is, upon the meridi- 
an line. " 
. Bux if you would find chediftage e, upon the-meridian' be- 
twecnthe verticall point. and any other parallel of the! ho 
rizon, 38 upon the parallel of 26. gr. 34 w. then add thefe 26 
g-34 m- unto 33 974,30: the angle at the horizon , {0 ſhall 
you have 60 gr. 4 ». for BD V the angle attheparallel. And 
if you excend the compaſſes from owl of 60 gr. 4 mw. unto 


2 c 
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the fine of 63 gr. 26 w. the complement of | the paralle! from 
the horizon, the ſame extent will reach in the line of num+ 
bers from 7. 42 the lengch of the axis, unto 7. $5, and ſuch 
is the diſtance V D between the vercicall point: and the pa» 
rallel of 26 gr. 34m. upon the meridian line. The like rea- 
ſon holdeth for all che reſt, which may be gathered and (et 
down in the table. 

That done, and the horizon drawn as before,if you would 
draw the parallel of 26 gr. 34m. from the horizon, look into 
the table, & there finding under the title of the parallel of 26 
34, the diſtance on the South azimuth line to be 7. 66,take 7 
inches 66 cent.outof a line of inches, and prick them down on 
the meridian of your plane,from the vercicall point at F. 

. -Qe jf eitherthe vertical point fall wichour your plane, or 

| theexeeat ac any time betoo large for your compalſes , you 

may: prick down the diſtance between the horizon and 

he parall:i. Az here chediftance between the vertical) poiat 

: ane 05 Pa rallel is7 66, between the verticall point and the 

2p horizon 13. 44, the difference between them 5.78 is the di- 

\ ſRance fromthe horizon toche parallel, which being pricked 

doen wenn the meridian, ſhall give the ſame interſeRion as 
before. An 
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the reſt of theic dittances on their ſeverall azimuths. 
Having the points of imterſe&ion  beeween the azimuchs 
and the parallel, you may jJoyn them all in'a crooked line 
-wichgue.making of angles, theline fodrawn ſhall be the px- 

Ta{lgIrequired. And upan thisground it followerh. 


To deſcribe fach parabiel 0 the former planes, as may ſhew 
the proportion of the ſhadow wnto the gnomon. 


: Theptoportion of a matis ſhadow unto his height, or 0» 
thes ſhadow tohivgnomon (er perpeiditularrorhe horizon, 
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Atthe length of the ſhadow, 
tothe lengch of the gnomon : 


So the tangent of 45 pr. 
co the tangent of che altirude. 


Asifit were required to find the altitude of the Sunne 
when the ſhadow of a man halt be decaple to his height, ex- 
tend the compaſſes from 10 unto 1 in the line of numbers, 
the ſame extent will reach in the tangent of 45 gr. unto the 
tangent of 5 gr. 42 w. which ſhews that when the Sun com- 
meth to the alcicudeof 5 gr. 42 m. your ſhadow, upon a levell 
ground, will be tentimes as much as yourheight- In the 
ſame manner you may fiad that at 7 gr. 7 m. of altitude your 
ſhadow will be a duple, at 9 gr. 27 m. (excuple, at x1 gr. 18 m. 
quintuple, at 14 gre 2 #7. quadruple, at 18 gr. 2 64. triple, at 
26 gr. 33 m. double toyour height, at 33 gr. 41 m. as 3 unto 2, 
at 36 gr. 52m. a8 4 Unt034at 3B gr. 39 m.as 5 UntO 4zat 45 gr. 
equall at51 gr. 20 9. a8 4Unco5,at5s3 gr. 7m 483 unto 4, at 
S6gr. 19 m. a8 2 UntO Z, at 59 gr-2 m- AZ 3 Unto 5, at 63 gr. 26 
mas 1Uunto 2, &c. | = 

If chen you draw a parallel tothe horizon at 5 gri 42 m. 
another ar 7 gr. 7 ms. anda the reſt, when the ſhadow of the 
fiyle falleth On the paralle! , you have the proportion, and 
thereby may you know the ſhadow by the height, and che 
—_— by the ſhadow, whereefyou bare examples Þ ap. - 126 
and 137. | TY 

I mighc here proceed to ſhew the deſcription of the cir- 
cles of poſition, the Signes of the Zodiack in the meridian, 
the Signes aſcending, & deſcending, with ſuch other gnome» 
nicall conclufions;but theſe would prove {upeifluous co yeh 
as underſtand the doQtrineof the Spherezand tor others.chat 
which is delivered may ſuffice for ordinary uſe, it being my 
intention not ſo much toexplane the full uſe of ſhadowes 
(whereot I havelately given a large example in an other 
place) as the ſe of theſe lines of proportion, that were not 
extant heretofore, | _ 
&, Fff 3 An 
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; An Appendix concerning - | 
T he deſcription and uſe of a (mall portable ua. 
 drant, for the mwreeaſse finding of the 
hoare and Azimuth. 


CHAP. I. 
Of the deſcription of the Zuadrant. 


His deſcribed theſe ſtanding planes, I will now fhow 

the moſt of theſe conclufions by a ſmall Q1adrcant. This 

might be done generally for all{aticades, by a quarcer of the 

genecall Aſtrolabe, deſcribed before inthe ule of che S:&s, 

pag. 69. and. parcicalarly for any one laticude,by a quarter-f 

the pacticular Aftrolabe, there alſo deſcribed, pg-75. which 

if it be a foor ſemidiameter, may ſhzw the azimuch unto a 

degree, and thetime of the day untoa minute; bur for ocdi. 

nary uſethis ſmaller Quadrant may ſaffice, which may be 

- made portablein this manner. ts © Cm £25 1 

 _.._ 1 Uponthecenter A, and ſemidiaameter A B,deſcribethe 

_ arkBC: theſameſemidiameter will ſec of 60 gr. and the 

half of that will be 30 gr. which baing added tothe former 

60 gr. will makethearx BC to be 90 gr. the fourth, part of 

- whole circle, and thence comes che name,of . a Qaes 

rants "21 

2. Leaving ſome litthe ſpace-for the inſcription of the 

moneths and days, on the ſame center A, and ſemidiamaer 

AT, deſcribethe ark TD, which ſhall ſerve for eicher tro» 

pi Ges s « ; *» v1} it) * £ 31737) 3169301 

- 3 Dividetheline AT intbe poiar EB, .in ſuch proporiipny 

23 that A Tbeiag 10000, AE may be 6556, and there draw 

another ark E F,which hall ſerve for the Equator, or AE 
being 10000 let E T be 5253; 

4 Divide AF che ſemidiameter ofthe #quator.in the 


point G, ſo as AF being 10000, theline AG, may be 143 . 
> 13 7 an 


231 


andon the center Gand ſemidiameter-GD deſcribe the. ark 
ED, which ſball ſerve for a fourth part of the ecliptique. 
'5 This parteftheecliptique way be divided w_ three 
SRIBIES gnes, 


232 The inſcription of the peyer gs?! 1; neg 
Signes, and each Signe into 30 gre [4 Fajegeo — 
by a table of right aſcenfions,made PETS 


: Y 1, v It 
ag before, pag. 75- As the right} Q[—: Bf 
aſcenſion of the firſt point of & be- }— = M (Gre M Gr. M 
ing 27 gr-54 m. you may lay a ru-ſ_®| 2 [27 54137 48 


lerto thecentec A and 27 gr. 54.m | 5| + 35132 47J33 3 
in the Quadrant BC, the poinc|!'} 9 11137 35158 21 
where the ralec crofſeth the E-lip-. :- 48'42 3:i]73 43 


tique, ſhall bethe fictt point of & 218 7 27[47 32{ 
In like manner the righe aſcenfion{25]23 9152 3e 
of the fickt paint of I being 57 gr. 13427 5457 46 

48. m. if you lay a ruler to che center A, and 57 | | 
gr. 43 mx. in the Quadrant, the point where the |C 
of <x<ffech the ecli p*ique,ſball be theficſt poine 


” And ſofor the reft : buc thelines of dittins 
p n between Signe & Signe, may be beſt drawn” 
\ from the center CG. 
_% The line ET between the #quator and the. | 
rORIges which I call the line ot declination, -| 77 
may bedivided into 23 gr. 5. out of this Table. * 
Forlet AE the ſemidiameter of the #quator be 
10000, thediitance between the zquater and- 10 
'gr. of declination may be 19; 7.morez between 
the zq __ _ 20 gr. ap ; the diſtance of the / 
cropique from thezquacor 5232, | -\ \\ 2 
= You may pur tn the mott of| the principall 
ſtarres between the zquator andthe tropique 
of 5, by theic declination from the #qutatpyzand 
right aention from the next«qyinuftialÞpoing. / 
As thedeclination of the winp. of Pegſu, bej 
13 gr-7 m-the right aſcenſion 358 pr-34 m. 
the ficlt point of Y, or I gr. 26 m1. {hoetot ix:lf9ou 
draw an occulc paralle! chrough 13 gn7 mot de- 
clination, and then lay che ruler co che center A, _— 
and r'gri 26 ne inxbie huadranbB-G, "the: » 341195 Þ) 
where the ralevertilorh theiparaliebBalt be liked) (64/97 
phacefor che wing of Pigs, wpirhitlogol Jeeps 19900, 
eva 125 il ho? 4 
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The inſeriptionsf the Stare? 
et the name and the time when he cometh to the South, at 
midnight ip this manner, F'. Pog.* 23 Ho. 5444. and fo for 
the reſt of theſe five, or any other ſtars. 


Pegajms wing * Ho. M. "}R.Afcen f Decl.M. 
Arurus " | March $ 23 56 '1 ©6 13 17 
Lions bears * | Ofdober 1414 co [30 on [21 $ 
Buls ge * | Auguſt 7| 9g 5o |:32 28 |13 42 
Vultures heart * | May 16| 4 18 [|6, 18 [15 46 

Janus: 1119 25 166 261 8g 3 


$ There being ſpace ſuffi:ient between the zquatos and 
the center, you may there deſcribe the quadraty, and divide 
each of the' two fides fartheſt from the center A into 100 
_ » ſo fhall the Quadrant be prepared generally for any la + 
gicuce. | 
But before you draw the particular lines, you areto fic feure 
aabtes under your laticude- 7 
- Firſtatableof meridian altitudes for diviGon of the circle 
tayes and moneths, which may be thus made : Confider 
thelaticude of the place and the declination of the Sun for each 
of theyear. If the latitude and declination be alike both 
North or bath South, add che declination co the complemenc 
ofebe latiude, if they beunlike, one North, and the other 
South, ſubtira& the declination from the complement of -the 
latitude,. the remainder will be the meridian x To's belong» 
| antgthe day. | 
hus in our latitude of 51gr, 30 w. Northward, whoſe 
complemenx is 38 gr. 30 m. the declinationupon the tenth day 
of June will be 23 gr. 3o m. Northward , wherefore 1 adde 
23gr. 30m. unt9.38 g7. 30 m, thefumme of both is 62 gr. "for 
the meridian aſticude at the tenth of June, Thedeclination up- 
@cheitenth.of December will be 23 gr. 30 #:, Seuthward , 
wherfore I cake theſe 23 gr. 30'm. our of 38 gr-30mthere will 
remaine 15 gr. for the meridian altitude at theitemb: of De- 


| cemberi;:andimchis manger,you may find the meridian alti- 
Ftidefor each day of the yeer, atiffer ther fownitn a'table, 
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"4 Table 


of the meredt 
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Gs 


«9 altatudes; 


. Gr. M.G. M. 
Fanugry 16 31/17 24 


Gr. M.| Gr. M.|Gr. M.|Gr. M. Gr. t|- 


I3 2619 37 
27 4929 35 
38 32140 30| 


June 61 3661 5,162 
Faly 60 4960 6159 14 
Auguſt 54 752 36|50 59 
September 43 2641 30(39 33 
Ofsber |31 4629 53/28 3126 16.24 35122 5921 29 
November |21 1219 51/88 35 
December '15 2815 5/15 O15 AT 17 


eee 


5159 33160 22]61 26131 
o6 58/51 45/61 22/60 4 
58 13/57 455 4854 2 
49 17147 31145 41143 26 
37 3635 38133 41/31 ; 


17 36116 43/16 c|i5 28 


15 44{16 22 


. and 62gr. 


Tiz30-» 


Sothe ſine of 90 gr.. 
the eropiques. 


to the fine of interſe&ion 


15 er 
The ſecond Table which you are to fit, may ſerye for the 
drawing and dividing of the horizan. For drawing of the hor 


| As thecotangent of the latitude, 
cothe tangent of the greateſt declination:. 


» where the horizon (hall crofſe 


: Soinour laticude of51 gr. 30m. we ſhall find rhe horizon 


— 


The Table being made, you may inſcribe the monethy, 
and dayes of each moneth into your quadrant, in the ſpace 
left below che tropique. For lay the culer unto the center 4 
and 16 gr. 31m. in thequadrant BC, there may you draw a 
line for che end of D:cember and beginning of January 3 'chen 
laying your ruler to the center A, and 24 gr. 17 m-. inthe que 
dranty there draw the end of January,and beginning of Februe .. 
ary,and-ſo thereſt, which may be noted wich 1, F, 24, A, 

T. &c. the fickt letters of each moneth,and will here fall between 


A Tab for dioiding of horizon; 35 
rocutthe tropique in 33 gr. 998: whereforeif you lay the ruler 


tothe center A, and 33 gr. 9m. in the quadrant, the point 
where the ruler crofleth the tropiqueſhall be che poi 


int where 
the horizon crolfech the tropique. Andif you find a point 
at H, in theline AC, whereon ſetting the compaſes, you may 
bring the point at E, and chis point in the-rropique both into a 
circle,the point Hkall be the center,and the ark ſodrawn ſhall 
be the horizon, Then for the diviſion of this horizon. 


Az the fine of 90 gr. 
cO the fine of the latitude | 
 Sothetangentofche horizon, ; 
cothe tangent of the ark inthe quadrant , which ſhall di= 
vide the horizon. 


$ in our latitude of 51 gr. 30 ms. we ſhall finde 7 gr. 52 #e. be* 
longing to 10 gr. in the horizon, and 15 gr. 54m. be:onging t9 
267: And to the reſt, as this Table. 


-|E: MHo |Gr. M: | HojGr. M. Ho Gr. phy an M. Ho Gr. M4 


o @o15j11 5113924 19 45]38 26953 3575/71 5). 


To 47 [12 39 - it [39 1 1544: |72 29 
"0 [3 9 1 4 [4 of $948 173.38 
| 2 21] [14 16] j326 57 [q4z of [56 56 {74 48 
3 $8 ji5 4. [27 59 [42 of (58 4 [76 3 


Þ > Wk » | paw 15 54135125 43 50143 _o'65 59 13 80/77 18 
4 42] |16 43] [29 37 [44 1| [60 22) [|-8 3; 


5 29| [17 33] 132 32 [45 3! j61 31] [79 49 
6 17 [18 22] (31 27 146 5! 62 41} j31 5 
| 7 a [19 I2| [32 my 47 8 [63 $2! 182 21 
rol 7 5225/20 2/49/33 18,5148 11/7965 3 B53 37 
$39 [29.53] 34 24 [49 Ta] 166 15, [84 5; 
g 27] [21.44 [33 19' I5o / 67 27] 186 lo 
10 14 |22 36 138 7 $1 24 68 39| |87 26 


IT 2 23 27 


| [37 4, 152 29] 69 52 
. [i511 513024 19145'38 2: "- 


26053 3517571 599 
| Ggg 2 Where- 


228 To' find the altitace of the Sumce. 
Wherefore you may lay the ruler to:the cemer 4, and 
gr.52m.inthequadratBC, the pointwhiere the rujer crel 
ſech the horizon ſhall be:10 gr. in the horizon';-'and {© for: the 
reſi:but the lines of diftin&ion between-cach fift degree, wilbbe 
beft drawn from thecenter H. | 


The third table for drawing ofthe houre-lines, muſt be 
Table of the altitude of the Sunne abovethe horizon at every 
hour,eſpecially when he cometh to the zquator, the tropiquez; 
and ſome other intermediate declinations: 

If the Sanne be in the zquater, and ſhave no declination. 


As thefine of 90 gr. 
to the coline of the latitude : 
So the cofine of the houre fromthe meridian, 


to the ſine of the alticude. 


Thus in our latitude of 5 1 gr. 30 #7. at fix houres from the 
meridian, the Sun will have noalticnde, at hve the altitude 
wil: be 9 gr. 17 mz at foure 18 gr-.38 mm; at three 26 gr. 7 m3 
two 32gr..37 mat one 36gr. 58 mz at noon itwill be 38 gr. 36 
 m.equall tothe complement of the laticude, | 

If che Sun bave declination, the meridian altitude will be 
found as before,for the Table of dayes and moneths. 

If che houre propoſed be fix inthe morning or fix at night 


As the fine of 90 gy. 
ea the fine of the latitude : 
Sothe fine of thedeclination 
to the fine of thealtizude: 


Thus in ovr lathude rhedeclination of the Sun being 23 & 
30m.the alitude will. be found tobe 18 gr- 21 me the declis 
nation beihg 17 gr. 30m. the altitude will be 9 gr. 

If the houre propalſed be neither twelve nor E 


. type fine 90gr. _ ____-; 


7o fiodthe altitude of the Se, nap © 


So the tangent of the latitude, 


be tochetangent of a fourth ack. 
be | 
So in ourlaticude and one houre from the meridian, this 
fourchrark wilkbe faund to be 52. gr. 28 m.. at emo-55 gr..26 m. 
F) at three 6qgre39 m at. forr 68 gr. 22 m1. and at five hours from 
y thomeridian 78i\gr. 22 99. "Ak 
t; Thenconfider the declinatiqn-of the Sun, and the hour pro 


poſedy ikthelaticude and declination be bh alike, as wich us 
h. iaNorch latitude, Narch declination,, and the hour fall be:+ 
men: nogn-and fix,take the declination out of the fourth ark, 
the remainder fhall be your fifth ark. | 
But ifeicher the hour fall berween fix and midnighe, arthe 
latitude and declination ſhall beunlike, adde the declination 
unto the fourth ark ,. and che ſomme of both. ſhall be your fifth 
ark: or if the fumme ſhall exceed 92 gr. you mey-take the com- 
plement unto 150 gr- This fifth ark beigg knowns:. 


Azthe ſine of.che fourth ark,. 
to the fine of the Jacitude: 
Sothe coliue of the fifth ark, . 
to the fine of chealtitudo 


*» © = << 


Thus in.our [atitade of 51.gr. 30 m. Northward , the Sun 
having 23 gr. 30m-.of North declination,” if ic ſhalbbe reguj- 
red cofipd:the altitude of. the Sun. for ſeverrin the:morning; 
herebecauſe the latityde and declination are both-alike to the 
Nerthward, and the houre propofed*falleth' between; nogn 
and fix , yet may.take 23.gr. 30m, theark of the declinati- 

on out of 78 gr. 22 m-the fourth ark belonging 'to the: bfth 
f | houre fromthe meridian, ſoghere. wijl remain 54 gr. 52 m. 
Il' F for your fifth ark. Then citing according-to-the: Canon, 
you ſhall find, | 5. top wy "TBE | 

As the fineof 78 gr. 22m. your fourth ark; |: ©, 

tothe fineof 51 gr. 30 m. for the latitude, 

Geg 3 So 
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23s _ - Tofindthe altitude of the Sunue.” 
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Inreft p71 
OD. 

vt OE Ridiu 
ad E MCoranla. 
its O DCopi. bere, 
«4D HT DH 
Cuz <qualn efl P 
Kh cnujw c 
D R, _—— 
arcues quartne, 

Conferatur arcus D H cum arcu declination D 8, ita ds 
bitur ares HS, cujus compl.eft SR e&& prins dr. arew quintm, 
Und erit. 


a:Coſi.P R boceſt utSin. DR, 


its Goſs. SR _#aSin HS 
ad Cofi.S Z «d Sin. AS, 


Hinc forte preftabit vocare H S arcum quintum its ſecunds operatia 
inſtitnetur per ſolos ſinus, 

el fi libet ſubtraftionem finus quarti arcws evitare , inveniatun ar 
gulus O HD quad fieri poteſt varijs moadin, Nam. 


1 ut Raiw 2 utSin. DH 3 wtSin DHA 4 wSin:DRE, 
<ad Sim.amg.O adSin.0O - odTen DO  adSin £5, 
ifaCofilat. OD ita SinDO ita Radius ita Rad. 

ad Cofi. an, OHD ad Sin, H a1 tan.ang H. ad Sin. H. 


Invento utcunque angule ad H, erit in reflangulo HAS. 


ut ſinus ref anguli HAS, 
ad finum arews quinti H S, 

ita ſinus anguli ad boriz, S H A, 
. ad fin. ſolaris altitndiny S A. 


© - 0. I TIPIy ” "Il SMES 


is = ary bony and latitude propoſed. . 239 
So the fine of 35 gr- 8 m, the complement of your fift 


ark. 
tothe fine of 27 gr. 17 m: the altitude required. 


If intheſawe laticade and declination , it were required to 
fade the alcicude for fivein the morning, here che houc falling 
between fix and midnight;if you add 23 gr. 30m. unto 78 gr. 
22 m.the ſumme will be 101 gr. 52 #. and the complement to 
1$0gr- will be 78 gr. 8 m.for your fifch arke. Wherefore 


As the fine of 78 gr. 22 m1: 
eo the line of 51 gr. ZOWw: 
$o the coline of 78 gr. 3 m. 
to the fine of 9 gr: 32 x: for the altitude required. 


If in the ſame latitude of 51 gr. 30 m. Northward, the Sunne 
having 23 gr. 30 m. of South declination, ic were required the 
altitude for nine in the morning ; here becauſe the latitude 
and declination are unlike, the one North, and the other 
oath, you may adde 23gr. 30 m. theark of declination, unto 
60 gr. 39 m- the fourth ark belonging tothe third hoare from 
the meridian, ſo ſhall you have 84 gr. 92. for your fife ark. 
Wherefore 


As the fine of 6o gr. 39m. 
_ tothe fine of 51 gr. 30m: 
So the coline of 54 gr. 9m. . 
to the fine of 5 gr. 15 m. for the altitude required. 


 Andfo by one or other of theſe means you may'find the al- 
titade of the Sunne for any point of the eclipcique at all houcs 
ofthe day,and ſer them downin ſuch a Table as this. 


A Table 


Rats a ” OS 


2:40 A Tablefor drawing the baure-liner . | 


A Tall: fur the altitude of the Sunnd in the beginning of 
each S inme at all howres of the day, calculated 
for 51gr. 30”. of North tatutude. 


=. |. j*_ QvL ELSE LIP | 
LY {Gr,.. Ns = M.{Gr. M-| Gr. M. or M. \ Gr. M. Gr. M. 
wg 5 "6558 5250 938 zo[27 C18. 18/15 9 

ialss 34\a8 12]26 $8125 4([17 6113 52 


53 45,59 554 12/32 3723 5143 38/10 39 


J 
2 _ 
9 3145 42143 oj2z6 q\15 5%} V 12] 5 15 
$. 436 41134 13127 3118 8 8.33} 1 I5 
7 5127 247124 56148 18] Te, HL 
6 61148 11115: ol 9 - O \ : | 
4's 19 ©35 65.56 | 11 37 
dig BD 3-32 bh don 21 4ol 
Laſtly, you may find what declination 'the Sun hath whe 
bexiſeh orferteth at awychour, 
As the fine of 90gr. 


eo the fine ofthe hour from fix : 
So the cotangent of the latitude, 
to the tangent of thedeclinatiog.- 


-And'(o in the latitude of 5+ yr. 30 .' you Thall finde that 
when the Sun rifeth , either arfivein the Summer, or ſeven 
in the Wincer, his declination is 11 gr. .37 w. when he riſcth 
at four inthe Summer, or tight 'in the Wincer , his .dedſna- 
tion is 21 gr. 40 m-which' may be alfofer down'in the Table 

That done, you-may there ſtethatinthiis Tatituthe the me- 
ridian alticudeof the Surme in the beginning of S is 62 gr- 
inT58gr. 42m. in850 gr. in Y 38 gr. 3o m, &c. Bur the 
thegianing of Sand is repreſented by the cropiques TD, 
drawn at 23 g7- 30m: of declination, and the beginning of 
yand==z, bythezquator EF. If youdraw an occult parallel 
between the 2quator andthe tropique, at 11 gr. 30 m, of de- 
clination, 
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The manner of drawing the houre-lines. 241 
clination , it ſball reprefent the beginning oſs, 1x, tt, and X, 
if you draw another occult parallel through 20 er 12 mof 
deelination, it ſhall repreſenc the beginning of T,N, 7, and +». 

Then you may lay a rularto the center A, and 62 gr.in the 
quadrant BC, and note the point where it crcfleth the tro» 
piqueof S, then move the rular to 55 yr. 52. x7. and note 
where it crofſeth the parallel of T; then to 5c gr. and note 
where it crofſech _ _— of &, and againto 3© #7. 30 m- 
noting where it crofſeth the #quator; fo the lite drawn 
through theſe points ſhall ſhew the hcure of 12 in the Sum- 
mer while the Sanne is in Y, &,T, 5, N,o ? Inlike manner 
ifyou lay the ruler tothecenter A, and 27 yr. is the qua- 
drant, and note the point where it crefleth the parallel ot X, 
then moveit to 18gr. 15m. and note where ic crofſeth the 
parallcll of gz; and ag+in to 15 yr. noting where it crofſeth 
the tropique of W; the line draun through theſe points 
fhall ſhew che houre of 12 in the Winter, while the Sunne is 
in=,"M, © w_,and and fomay you draw therel! of theſe. 
houre-lines: only that of 7, from the meridian in the Sum- 
mer, and5 inthe Winter, will crcff: the!line of declination at 
1197.37 m.and thatof Sinthe Summer, and4 in the Wins 
ter 22 21 gr. JO ms | 


The fourth table for drawing of the 2zimuth lines , muſt 
likewiſe be fitted for the alticude of the Syn aboye the horizon 
at every azimuth, eſpecially when he ccmeth to the #qua- 
tor, the tropiques, and ſome other intermediate declination. 

If the Sunne be inthe #quator, and ſo haye no declinas 
t10Nn, 


As the fine of 90 gr. 
tothe coline of the azimuth from the meridian. 
Sothe corangent of the latitude, 
to the tangent uf the alcicude at the zxquator. 
- 


_ Thus inour latitude of 51 gr. 30 m. at 90gr. from the me- 
. ridiangthe Sunne will have no altitude, at Sogr. the altitude 
Hhh wil 
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242 - To find the altiaude of the Sunze 
will be7 gr. 52; at 70 gr.it will be 15 gr. 30 m; at 60 pr. it 
will be 21 gr. .ji m2. 

If the Sur: have, declination, the meridian altitude will be 
eafily found as before , for the table for dayes and moneths. 
And for all other zzimuths. 


As the fine of thelatitude, 
©o the lige of the declination: 
So the coſine of the alticudeat the zquator, 
to the line of a fourth arke. 

When thelatitudeand declination are both alike in all 
azimuths from the prime verticall unto the meridian, adde 
this fourth ark unto the ark of altitude at the #quator. 

When thelatitude and declination are both alike, and the 
azimuth more then 90 gr.diftant from the meridian, take the 
alticrudeat the zquator out of this fourth ark. | 

When thelaticude and declination are unlike, take this 
fourth ark out of the atk of altitade at the zquator , ſo ſhall 
you have the altitude of the Sun belonging to tize azimuth. 

Thus in our latitude of 5 1 gr. 30 #. Northward, if it were 
required to finde the altitude of the Sunne inthe azimuth of 
60 gr. from the meridian, when the declination is 23 gr. 30 
-m Northward,you may tinde the zltitude at the xquator be- 
Jonging to this azimuth to be 21 gr. 41 m. by theformer Ca» 
non-, and by this laſt Canon you may finde the fourth ark 
to be 28 gr. 15 m. Then becauſe the laritude and declination 
are both gliketo the Northward , if you adde them both 
oe {hall have 49gr. 56 ms. for the altitude rcequi- 
red. | 

If the declination had been 23 gr. 30 m. te the Southward, 
you ſhould then havetaken this fourth ark our of the ark at 
the zquator, which, becauſe it cannot here be done, it is a 
figne thag the Sanneis not then above the horizon. But if 
you take the ark at the zquaror ont of this fourth ark , you 
ſhall have 6 gr. 34m for thealtitude of the Sunne when he is 

in 
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244 _ The inſcription of the azimmby 
in the azimuth of 69 yr. from the North ,and 120gr.from the 
South pat of the meridian. The like reaſon holdeth for the 
relt of theſe altitudes, which may be gathered and ſet down 
in a table. 
Lilly when the Sun riſech or ſetterh upon any azimuth, to 
had his dec!ina.ion. 


As the line of 99 gr. 
tothe culine of the lathiude: 
S the cofine of 2zimuth from the meridin, | 
tothe line of the declination. | 


And thus in ourlatitude of 51 gr. 30m. when the azimuth { 
18 80 go. fromthe meridian, the declinacioa will be found to ; 

be 6 gr. 12 m3 if the azimuth be 70 pr. he decllination will be 
found 12 gr. 18 m; if 60gr. then 18gr.$ m. And fo for the p 
relt, which may be alſoſet down ia the Table, h 
A Tab: lor the altitude of the Sunne iz the beginning of * 
each ſtare [or every tenth azimuth, tn 51 gr. ry 
307, 0. North latitude, | fy 
ne X 
| as | TE 3» | | 
| -  |Gr. M.iGr. M. Gr. M. _er. (Gr. M[GrÞM.1Gr. Ml _ 
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for any 42imuth and latitude propoſed. *245- 


That done, if y6u would draw the line ot Faſt or Weſt, 
which is 90 gr- from the meridian, lay theruler co the center 
A,and 30 gr. 38 m.numbred in the quadrant from C toward 
B, and note the point where ic cruf{:th the tropique of $3 
then move the ruler co 26 gr. 10m. and nute wheie ic croficih 
the parallel of Tr; then co 14 gr. 45 m. and note where ic 
crolſerh che parallell of &; then co 0gr. 0 m. and you ſhall fiad 
it to crolſe the #4 4ator in the point F , fo a line drawne 
through theſe points , {h.ll ihew the azimuth belonging to 
Eaſt and W-{t. The l.ke reaſon holdeth for all therelt. 

Theſe lines bzing thus drawn, it you ſer two fights ups 
onthe line AC, and hang a thread and plummet on the cen» 
ter, A with a bead apon the thread , the foretideof the qua- 
drant ſhall be fnily finithed. 

Oa the baczfide of the qxadeant you may place the no&ur- 
nall deſcribed b-fore in the afe oi the SeAor pa.72, which con» 
fiteth of ewo parts. 

The one is an houce-plane divided zqualiy according to the 
24houres of che day and each houre into quarters, or minutes 
a the plane will bear. The center repreſen ts the Noath pole, 
the line drawn through the center from XII co XII, ſtands 
forthe meridian and thelower XII Rands tor the houre of 
A at midnight. 

The other part is a rundle for ſuch ſtarres as areneer the 
north pole togerhec with the twelve moneths, and the dayes 
ofeach month ficced tothe right aſcenfion of the Sunne and 
farres in this manner. < 

Firſt conſider where the Sun will be at the beginning' of 
the 5, 10, 15,20, 25,30, and if you will every day of each 
month, and finde the right aſcenſion belonging tothe place of 
the ſun as I ſhew before Pag. 75; 

For example the ſun at midnight the laſt of December or 
beginning of January will be communibus annihyg 
5m, of Y whoſe right aſcenſion is 292 gr. 20 nMitaic 
the laſt of January or beginning of February he wi 
22 gr. 12 ms of &; whoſe right aſcenſion is 324 gr. 35M; 

lothe reſt which may be ſer _ in a table. 
3 


þ 
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That done confider the longitude and latitude of the 
farres and thereby finde their right aſcenfion and declination 
as I ſhew before, Pag 76. and fet them down in a Table, 
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The inſcriprion of the azimmnthre 


Theſe Tab'es thus made, let the uttermoſt part of the rundle 
be madeeven wich the innermott circle of the houre-plane, 
and a convenient ſpace allowed to containe the deviſions for 
thedayes and names-of che moneths. Then lay the center 
of this rundle upon the center of ſome other circle divided 
into 360gr. and by thecenter and 292gr. 20 m. in that cir 
cle draw aline for the beginning of January. In like manner 
by the center and 324 gr. 35 m. draw aline for the end of 
January and beginning of February, and ſo the reſt of the 
dayes of each moneth. 

For the inſcription of the ſtarres let one of the lines from 
the center asthat at the beginnirg of Iuly , or rather let a 
moveable index be divided from the center toward the in 
ward circle of the moneths into 4 ogr. more or lefle, which 
may bedone for ſpeed equally , but for exaRneſle in ſuch 
manner as the ſemidiameter of the generall Aftrolabe was d> 
vided before, Pag. 68 of the SeQor. So laying the Ind:x tothe 
right aſcenſion in the outward circle you may prick down 
the ſtars by their declinaticn in the Indcx. 

For example, ifthe right aſcenſion of the pole-ſtarre be 
6 gr. 28m. and his declination 87 gr. 20 m. having ſetthe 
center of the Index both to the center of the rundle and of 
the other circle, turn the Index ro 6 gr. 28 m. in that outs 


ward circle, and prick down the ſtarre by 87 gr. zo m. in. 


the edge of the Index, that is at thediſtanceof 2 gr. 40 m. 
from the pole. The like reaſon holdeth for the reit of the 
ſtarres, which may be diltinguiſhed according to their mag: 
nitudes, and then be reduced into their formes ; as in the ex- 
ample. So the quadrant will be fitted both for day and 
night. 
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er Of the uſe of the Quadrant in taking the 

< altitude of the Sun, Moon, and 

et Srarres, 

of 
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=- Quadrant is the fourth part of a circle,divided equals 
m :-ly into 90 gr. and here numbred by z0.20. 3o. &c. un» 
1 t990 gr. each degree being iubdiyided into 4. 

0 Lift up the center of the Q 1adrant , ſoas the thread with 
h theplummetr may play eaſily by the fide of it, and the Sun 
h heames may paſlethoogh both the fights ; ſo ſha!l the de» 
in 


grees cut by the thread, ſhew wiac is che alticude at the time 


e BU crobſeryation, as may appear by this example. 
n "Upon the 14 day of April, about noon, the Sun-beames 


paſſing through both the fights, the thread fell upon 51 gr. 
x | mand this was the true meridian alticude of the Sun for 
e that day in this our [2ticude of 51 gr. 30 w. for which this 
of Y Quadrant was made. 
t® | | Apaine, towards three of theclock in the afcernoon, the 
in. thread fel! upon 38 gr. 40 m+ and ſuch wasthe Sans altitude 
a&that time. 
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CHAP. 111. 
Of the Bcliptique. 


1 Theplace of the Sunne being g1utn to finde bis 
right aſs en/1;1 . 


YH Ecliptique is here repreſented by the ark . fizored 
wich che charaQ@ers of the cwelve Signes ,Y\, &, If» Kc. 
each Signe being divided unequally into 30 gr. and chey ar 
to be reckoned from the charaer of the Signe. | 
Let the thread belaid on the place of the Sanne in the 
Eciprique, and thedegrees which it cuttech in the Quadrant 
(hall beche righc aſcention required. 
As if theplace of the Sunne given be the fourth Jegree | 
of The thread laid on this degree {ha]l cut 62 degrecs in the | 
aadrant, which is the right aſcentian required. | 
tiftheplace of the Sunne given be :nore then 90 g4 
from the beginning of 1, there muſt be more then 90 gr. al 
lowed to the right aſcenftion; For this inftramenc is bat a | 
quadrant : and fo if the Sun be in 26 gr. of 9, you ſhall finde - 
the thread cofall in the ſame place, and yet che cight aſcealt, 
on tobe 113 gr. | 


2 Theright aſc:mtivn of the Sunne being given, 
70 fruat by place in the Eclipt:q ue. 


a cd oa» FJ Foo 


Let the thread belaid onthe right aſcenſion in che Qua» 
drant,and it ſhall croffe che place of che San inthe Ecliptique = 
as may appear in the former example 


CHAP. 


þ& ''"Thenfe of the line of decliwation?. * 


— 


CHAP. IIII, 


Of the line of declination, 


1 The place of the Sane being giver to finds 
hu dec lination, 


Heline of declination is here drawne from the center to 

i the beginning of the Quadrant,and divided from the be» 
, ginning of Y downwards into 23 gr. 30m. 

Letthe thread be laid, and the beade ſer on the place of 

Sunne in the ecliptique ; then move the thread to the line of 

declination, and there the bead (hall fall upon the degrees of 


t the declination required. 

As if the place of the Sunne given be che fourth degree of 
: x, the bead firſt ſet to this place, and then moved to the line 
of declination, ſhall there ſhew the declination ot the Sunne 


atthattime tobe 21 gr. from the zquator. 


2 The declination of the Sunne being given, to finds 
hy place in the Ecliptsque, 


v SS OX” - Ls 


Let the thread and beade be fic laid to the declination 
and then moved co the Ecliptique. 

Azif chedeclination be 21 gr. the bead firfiſet to thisde- 
clination; and then moved co the ecliptique, ſhall chere fſhew 
the fourth of xx, the fourth of F, the 260f &, and the 26 of 
»; and which of theſe foure is che place of the Sunne , may 


. appearby the quarter of the yeere. 
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The uſt of the circle of moneths and dajes: 


RY . 


CHAP.V. 


Of the carcle of Monetbs and D ayes. | 


Y Sos circle is here reprefented by the arke , figured with 
theſeletters, 1, F, 44 4 44, &c. ſignifying the moneths 
January, February, March, April, &c. each moneth being 
divided uncqually,according to the number of the daysgthat 
are therein. | 


A Table for the inſcription of the monethy in 


the Notturnall, 
IN Vs Sg | 
Dies © þ s wy 2.28 885.5 25 | Jo 
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_ Theſe of thecirele of moueths and dyes; 251 


1 The day of the moweth being given, to finde the 
altitude of the Swyne at noone, 


Let the thread be laid to the day of the moneth, and the 
degrees which it cutteth in the Quadrant ſhall be the meridi- 
. an alticuderequired. 

As if the day given be the 15 of May,the thread laid on this 
day ſhall cut 59 gr. 30 m. inthe quadrant, which is the meri- 
dian altitude required. 


2 The meridian altitude being given, to finde 
the day of the moneth. © 


The thread being ſet to the meridian alticude doth alſo 
fall on the day ofthe moneth. 

As if the altitude at noon be 59 gy. 30 m. the thread being 
ſex tohis alcirude, doth fall onthe 15 of May, and the 9 of 
Julys and which oftheſe cwo is che rrueday, may be known 
by the quarter of the yeere, or by anocher days obſervation. | 
Fot if the alticude prove greater, the thread will fall on the 
i6day of May, and the 8 of July: orif ic prove leſſer, the 
thread will on the 14 of May, and che 1 of Jaly 3 whereby 
thequeſtion is fully anſwered. Wn 


em 


CHAP. VI. 


©" AER Of the H oure-lines, 

| km arke which is drawne upon the center of che qua- 
-& drant by che beginnig of declination, doth here repre- 

farthe £quator: that arke which 1 = rj by 23 gr. 30 w 
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The uſt of the bowt-lines 


of declination, and is next above the circle of moneths and 
dayes, repreſenteth the tropiques: thoſe lines which are be- 
tween the zquator and the tropiques, being undivided and 
pumbred at the #quator by 6,7,8,9,10,11,12:atthe tropique 
by 1,2,3:4,%&c, do repreſent the houre: circles: that which is 
drawne from 12 in the zquator toche middle of June, repre- 
ſenteth the houre of 12 at noone in the Sumner; and thoſe 
which are drawn with lt tothe right hand, are for the hour 
of the day in the Szmnmer, and the hows of the night in the 

Winter. That which is drawn from 12 in the zquator tothe 

middle of December, repreſenteth the houre of 12 in the 

Wiriter; and thoſe which are drawn with it cothe Jefe hand, 

are for the houces of the day in the Winter, and the houre 
of the night in the Summer; and of both theſe,that which iz 

drawne from11 to 1,fervesfor li inthe forenoone, and 1 

in the afternoone. That which is drawn from 10to 2, ſeryes 
- for 10in the forenoone, and 2 in the afternoone; for the 
Sunne on the ſame day is about the ſame height ewo hourey 
before noone, as two hcures after noon. The like reaſon 
holdeth for the reſt of the houres. 


1 The dayof the moneth, or tbe height at noone being 
knowne, to find the place of the Swnne 
_ anthe Ecliptiques 


The thread being laid tothe day of the moneth, or the 
height at noone, (for ene gives the other by the former pro- 
pofition)marke where it crofſeth the houre of 12, and ſet 
the bead to that interſeFion;z then move che thread till the 
__ fall on theecliptique,and ir ſhall fall on the place of the 

nnee 

As if the day given be the 15 of May, or the meridian al- 
titude 59gr. 30m lay thethread accordingly, and put the 
bead tothe interſcAion of the thread with the boure of 123 
then move the thread till the bead fall onthe ecliptiquezand 
it ſhall there ſhew the fourth of IX, the fourth of 2, the j 
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of S,andthe 26 of W; and which of theſe is the place ofthe 
Sunne, may appeare by the quarter of the yeare, or another 


dayes obſervation. 


- The place of the Sanne inthe Ecliptique teing krone, 
to finde the day of themoneth, &c. 


Let thethread and bead befi:ſt laid on the place of che 
S1nne ia theEcliptique, and then moved to the line 
of 12. 

As if the place of che Sunne given be the fourth of I, the 
bead being laid to this degree, and chen moved tothe houre 
of 12, in the Summer, thechread will fall on the 15 day of 
May, and the 9 of Jaly ; or if it be moyed co the houreof 12 
in the Winter, the thread will falt on the 6 of January and 
the 16 of November, which of theſe is the day cf the moneth 
_ required, may appear by the quarter of the year. 

. 'In chiz and che former propoſitions , ' you havetwo wayes 
toreQilie the bead, by the place of the Sunne,and by the day 
of the moneth ; the better way is by theplace of the Sunne, 
for in the other the Leap-yeare may breed ſome (ſmall diffe» 
rence. 

There is yet athird way. For the Sea-men having a table 
for the declinationon each day of the year, may ſet the bead 
theretoin the line of declination. , 8:15 * 


The bvave of the day being eivente find the aliituds 
yg of the Sunze droeche borizow. | 


- The bead being ſet for the rime by either of the three 
wayes, let the thread be moved from the hoare of 12 toward 
the line of declinatien, tiJl the bead fall on che houre given; 
and the degrees which it cuts in the Quadrant, fhall ſbew the 
alticude of the Sunne at that time. 


As if thetimegiven be the tenth of April] , the Sunne be» 
Lit 3 ing 
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ing then in the beginning of S, the head being reAified, you 
ſhall finde the height at noone 50 gr. 0 m. at Ll in the mor« 
ning 48 gr- 12 m. at tobat 43 gr. 12 w. at 9 but 36 gr. at $ 
but 27 gr. 30m-at7 but 18gr. 18 m.at6 but 9 gr. at 5 it 
meeteth with the lineof decliaation,and hath noalticude at 
all, and therefore you may think it did riſe much about that 
houre. | 
Then if you move the thread again from the line of decli. 
nation toward the houre of 12, you ſhall find chat the Sunne 
is $ gr. 33 m. below the horizon at 4 in the morning, and 
neer I6gr. at 3, and 21gr. 51 m.at 2. and 25 gr-40 m. at 1 


and 27 gr. at midnight. 


The al;itude of the Sunue being given, to find 
+ the hoare of the day. 


The alcitude being obſerved as before, let the bead beſer: 
for the time,then bring the thread co the alticade,ſo the bead 
fball hew.the honreof the day. | | 

Azifthe 100f April having fer the bead for che cime, you 
ſhall fiad by che quadrant, the alcicadeto be 36 gr. the bead: 
at the ſame cime will fall upon the houre-line of 9 and 3; 
whereforethe houre is 9/in the forenoon, or 3 in the afcer- 
noone- IE the altizyde be neer-40gr. you thall find-the bead 
attheſametime to fall halfe- way between the houre: ling. of 
. 9and 23, and the houre-line of 10 and 2:wherefore ic muſt be 

cicherialfe an honrepaſt 3 in the. moraing,! orrbalf'an hour 


paſt2 in the afcearnoone3 andgohich of cheſe. imthe true cime 
ofthe day, may be ſoon kaowa by a ſecond obſervation: 
for if che Sanne riſe higher, ig is the forenones, if ic become 
lower it is the afternoon. . >... $182 915: 19] 951449 


; 
4 $ ® < 

_ > - p ; = 

$735;2 532111 8+ The 


_  Theaſe of the houre-[ines | 


ms 2o => mm ac... 


"4 


Theſe of the houre-limes. 255 


5+ The boure of the night being given, to find 
how much the $unne is tlelow 
the hor: 20v, 


The Sanne is —_—_ ſo much below the horizon at any 
houre of che night,as his oppofice point is abovethe horizon 
atthe like hour of the day; and thereforethe bead being ſer, 
| the queſtion be made of 7 houre of the night in the Sum» 
mer, then moveit tothelike honre 'of the day in the Win+ 
terzif of any hore of che night in winter, then move fc to the 
like houre of the day in Summer; ſo the degrees which the 
thread cutteth in the Quadrant, ſhall ſkew how much the 
Sin is below the horizon at that cime. 

| As if it be required coknow how much che Sunne is be- 
bw the horizon the 10 of April at 4 of the clock in the mor- 
nivg/thebead being ſet to his place according to thetimein 

the Summer houres, bring ito 4 of theclocke in the after» 

noone in. the Winter houres, and ſo ſhall youfind the thread 

wut $gr. and about 30m. in the quadrant; and fo much is 

the Sun below the horizon act that time. 01: 25 


(The aepreſion of the Swane ſuppeſea, togive the hoare 


—_ of the 14ght with u6,' of he boare of the > 
OY. for: 1 4 PAT 
"Rere allo betariſe the Sunheis ſy tidc biabove the liorizor 


it att fours cf the Jay, adHiesbj nts below thi hg 
rkon at the like hour of the night:therefore firſt ſet the bei 
according to the timegthen bring the thread to the degree of 
the Suns depreflion below the horizon, ſo ſhall the bead fall 
mthe contrary houre-lines, and there ſhew the houre of the 


Fes pods of us, which is the like houre of the day to 


es. | 
Azif the 100f April the Sunne being then in the begin 
| ning 
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ning of &, and by ſuppoſition 8 gr. 30m. below the horizon : 
in the Ealt, ic be required to know what time of thenight jc 
is; ficſt ſet thebead according to the day in the Summer 
houres, then bring the thread to 8 gr- 30m. in the quadranr, 
ſo ſhall che bead fall among the Winter houres, onthe line 
of 4 of the clocke in the afternoone: wherefore toour Anti. 
podes it is 4 of the clocke intheir afcernoone, and to us it is 
then 4 of the clock in the morning. 


7 Thetime of the year or the place of the Swane being 
given, to find thebegtuning of day. breake, 
and end of twi-light, 


This propoficiondiffereth lictle from the former : for the 
day is ſaid to begin to breake, when the Sun cometh to bebut 
18 gr. below our horizonin the Eaft , and ewi-light co end 
when' it is gotten 18gr. below the horizon inthe Wet: W. 
wherefore let the bead beſet forthe timezand then bring the 
thread to I gr. inthe quadrant, ſoſhall che bead fall onthe WF 
contrary koure-lines, and chere ſhew che hoare of twi-light 
as before. 5 | | 

Soifir be required to know at what time the day beg insto- 
break.on thetenth of April; the Saave being. then in chebs | 
ginning of &; firfiſer the bead according to the time inthe 
Summer houres, and then bring the thread to 18 gr. in the 
quadrant,'ſo fhall the bead fall among the Winter houres a 


lictle morethen a quarter before 3 in che mornings] and that 

is the ime when the day begins to bregke upon the tenth of 
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CHAP.vVII. 
Of the Rorizon, 


He Horizon is here repreſented by the arke drawne 
from the beginning of declination towards the end of 
February, divided unequally, and numbred by 10. 20. 


30+ 40, XC 


1 The day of the moneth, or the place of the Sunne 
being known, to find the amplitude of the 


: Sunnes riſing and ſetting. 
|, Let the bead reRified for the time, be brought to the ho» 


KM rizon,and there ic ſhall ſhew the amplicude required. 

2 As iftheday given bethe 15 of May, the Sunne being. in 

2 the fourth degree of I, the bead reRified and brought to the 

- horizon, (ball there fall on 35 gr. 8m. ſuch is che amplitude 

” of the Sunnes riſing from the Eaft, and of his ſetting from the 

Weſt; which amplicude is always North when che Sunne is 
” inthe Northerne ſignes,. and when he is in the. Southerne 

' fignes alwaves Southward. 


2 The day of the wonerh, or the place of the Sunne | 
. beire given, to finde the aſcenſional 
difference, 


Let the bead reQibed for the time,be brought to the horis 
zn, fo the degrees cut by the thread in te quadrant, (hall 

hhew the difference of aſcenſions. 
AP 7 As if the day givenbethe 15 of May, ebe Sunne being in 
ps thefoarth degree of I, let the bead 24 _ and broughg 
Tots to 
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253 Tefadthebomr of thiwght 
- £0 the horizon; ſo ſhall the thread 
aſcenfionall difference to be 28 gr. and about 50 m. h 

Upon the aſcenfionall Aifference depends this Corollarie. 


To finde the honre of the yifing and ſetting of the Sunne, 
and hereby the length of the day ani{night. © 


| Thetimeof the Sunnes rifing may be gueſſed at by the 3 
of the laſt Cop. but here by che aſcenfionall difference ic may 
be better found, and that to a minute of time. For if the af- 


cenfionall difference be converted into time, allowing an- 


houre for 15 gr. and 4 minutes of an houre foreach degree, it 
ſhewerh how long the Sun riſeth before fix of theclocke in the 
Summer, and after fix the Winter. 

As if theday givenbe che 15 of May, che Sun being in the 
fourth of W, and his aſcenfionall difference found as before 
28 gr. 50 m; this converted into time, maketh 1 þo. and ſome- 
what more then 55 m. of an houre: whereforethe Sun ac that 


time, in regard it was Tummer,roſe 1 ho- and full 55 ms. before 


6 of the clocke; and ſo having the quantity of the ſemidiur- 
a arke, thelengthof the day and pight need not be un- 
non. 


Of the fiue Starres, 


Might have put in more ftarres, but theſe may ſuffice for | 


the finding of the koure of the night ar all times of the 
yeare: and firſt I make choice of Ala Pegaft, a fiarre in 
the extremity of the wing of Pegaſus, in regard it wants but 6 
minutes of time of the beginning of Y5 but becauſe it is 
but of the ſecond magnicude , and not alwayes to be ſeene,l 


made choiſe of foure more, one for each quatter of che Eclip- _ 


tique, 
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tique, xs Oczlws & rhe Buls eye, whoſe right aſcenfion conver t- 
ed into time, is4bo. 15 m; then of Cor N the Lions hearts 
whoſe right aſccnfion ic 9 bo. 48m; next of Arflww, whoſe 
right aſcenfien is 13 H. 58m; and laftly of Aquila, or the 

- Valcures heart, whoſe right aſcenfion is 19 H. 33 m. Theſe 
five ftarres have all of chem Northerne declination; and if any 
others, ſome of theſe will be ſeene at all times of the yecre 


The uſe of chem is, 


The altitude of awy of theſe free Starres being 
known to find the honr of the night. 


Firft put the Þ:ade to the ſtarre which you intend to ob, 
ſerve, e:ke bis alticude,and fiade how many houres he is from 
the meridian by the fourth Prop. of the fixt Chept; then ou 
of the right aſcenfion of the ſtarre, take the right aſcention of 
: the ſun converted into houret, and marke the difference; for 
_ this difference being added co the obſerved houre of the ſtzrrce 
from the meridian. (hall (hey how many hogres the ſanne is 
_ from the meridian, which isia <ff.& che houre of the 
nig te ; A 

As if the 15 of May, the ſunne being in the fourth uf, I 
ſhould ſer the bead co ArFurw , and ob'erving his alticade 
ſhoald find him to be in the Weſt about 52 gr. high, and the 
bead tofall on che houre- line of 2 after,oone che hour would 
be 11 ho. 50m. paſt noone, or 10m. ſhort of midnight. 

Fot 62 gr. the right aſcenfion of the Sunne, converted in- 
totime, makes 4ho, 8 m. which if we take our of 13 ho. 55 m. 
the tight'aſcention of Arfurw , the diffcrence will be 9 ho. 
50m, and this being added to 2 hv. the obſerved diſtance of 
_ ArAurws from the meridian, ſhewes the houreof the night to 
de 11 bo. 50m. Another example will make all moreplaine. 

Ifche 9 of July che ſunne being then inj26 gr. of S, I 
ſhould ſet the bead of Ocu!w &, and obſerving his alticuds 
ſhould find him :o be ia chc Eatt about 12:gr. high, and che 
bead co fall on the houre-line of 6 _ noone, which 
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-1$ bo. paſt the meridian,the houre of the night would be bet- 
ter then a quarter paſt 2 of the clock in the morning. | 
For 118gr.the right aſcenfion of the Sung converted into 
time, makes 7 £0.52 mzthis taken cut of 4 ho. 15 mw. therighe 
2 ſcenfion of Oculws &, adding a whole circle, ( for otherwiſe 
there could be no fubſireQion) the difference will be 20 ho. 
23m.and this being added to 18ho. which was the obſerved 
diſtance of Ocu!ms & from the meridian, ſhewes thac the Sun 


(abating 24 hs. for the whole circle) is 14ho. 23 wr paſt the + 


meridjan,and therefore 23 m. paſt 2 of the clocke in the mor- 
ning. a 248 | 

Y the N:@xrnal be placed on the backſide of the quadrant 
you may avoid this equation of right aſcenſiong. For know- 
-  Ingthetime ofthe yeere when the ftarre will bein che ſouth 
at midnight, you may bring chat time to the hours obſerved, 
then wil the day of the moneth wherein you made the obſer» 
vation point at the heure of the night required. 


As in the firſt example where on the 15 of May the bead ſet | 


to A. @urvus fell on the houre linc of 2 afternoone, becauſe Ar- 
Qurus will be in the ſouth the 1 40f Oober cempleat at mid- 
night, you may place the 14 of QQcber at the houre of 2, fo 
the 15 of May will poiptto 11 bo. 50 min.. 


In the ſecond example wheie the 9 cf July the bead ſet to. 
the Bulls eye fell on the houre-line of 6 before noene, becauſe 


the Bulls eye will be in the ſouth the 16ef May cempleat at 
midnight you may turne the 16 of May tothe houreof 6, and 
{o you ſball figde the 9 of July to point to 2 bo. 23 min. asbe- 
fore. . 
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-* The uſe of te Azimmh-lixes. 
C H A P. I X. 


Of the Azimuth-lines. 


"Hoſe lines which are drawne betweene the zeuator 
and the cropiquet, on that fide ofthe quadrant which 
is neareſt unto the fights, and are numbred by 10. 20. 
30. &*c. Co repreſent the azimuths, the uttermcſt to the left 
hand repreſenteth themeridian, that which is numwbred with 
10 thetenth azimuth from the meridian, and that which is 
numbred with 20 the twentieth, and ſothereſt, Thole lines 
which are drawne from the zquator to the left hand, do 
"ſhew the azimuth in the Summer; and thoſe other to the 
. tighe hand, doſhewcheſame in the Winter. The uſe of 
them is. 


1 The azimuth whereon the Sunne beareth from 
+: being knows, to find: the altitade of 
the Sux abeve the horizos. 


F Firft let the bead be ſet for the time, as in the former Chap» 
| "ter, then move the thread untill the bead fall on the azimuth; 
' the degrees which the thread cutceth im the quadrant ſhall 
bhew the altitude of the Sun at thattime. Where you areto 
obſerve, that ſeeing the azimuths are drawn on the right 
fide of the quadrant, you are alſoto begin to number the de> 
grees of the Sunnes altitude from the right hand toward the 
left, * As if the fights bad been ſet on theline AB, and, you 
had turned your right band towards the Sun in obſerving of 
bis alcitude, contrary to our praiſe in the former Chaps» 
ter. 
 Asifthe time given were the 2of Auguſt, wha the Sunne 
:hath about 15 gr. of North declination, you niay (et the bead 
for the titre, ſo you ſhall find the height at Ecor.e when the 
kk 3 Sunne 
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Sanizin the(outh, to be53 gr. 30m, when he is 10gr. from. 5 *; 


cheſouth 53 gr. 10 m. when 20 gr. then about 52 gr. 8 m. when 
3o gr. then 50 gr. 20. when 40yr. then 47 gr. 43 m, when 
50gr-then 44 gr- 12m. when 60gr. then 39 gr. 35 m. when 
7ogr-then 33 gr-59 m. when $0 gy. then 27 gr. when' be is 
inthe Eaſtor Weſt gogr. from the meridian, then bs the height 
neare 19 gr-20m; when hecomesto be 100 gr. then 11 or, 
15 #. When 110gr. thenZ gr. 20m; and before he comech co 
the azifnuth-of 120gr. he hach no alticude-For the (an having 
15 gr: of North declination, will riſe and (et at 114 gr. 34 nm. 


. 


from the meridian. | 


2 | Thealtitudeof the Sun being given, to find 
©, on nhatazimwbbe beareth from we, 


+43 


i Let the beade beſer forthe time, and the alticade obſerved 


28 before; then bring the thread co the complement of char al- 
ticude, ſo the bead ſhall ſbey che azimuth required. - 


As if the ſecond of Auguſt,having ſer che beade for the time 


you ſhall finde che altirude of che ſan cs be 19 gr 20 m.removt 
the thread unto Jogr. 40m. the complement of the alticude; 
or, which is all one,to 19 gr. 20 m. from the right hand to» 
ward theleſt, and the bead wiilfallon thelineof 99 yr. from 
the meridian and therefore the point whereon the ſunne bea- 
reth from us, is one vf theſe two, either due Eat or due Welt. 
And which of cheſe is thetrue point of the compalſſe, may 
be Cooneknowne by a ſecond obſervacion : for if. the Sanne 
riſe higher, it is the fecenoone; it it be lower, it is the afcer-" 
NOOHne. - ; 

By-knowing the azimuth or point of the compaſſe where» 
on theſunne beareth from us;ic is eafie to find, - 
' A meridian line,and thereby 
The coaſting of the Conntrey. 
The ſite of 8 tutldinge. 
The var iation of the Compaſſe. 
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CHAP. X A. 
Of the Quaarat, Qs 


T H EQuadrat hath ewo fides divided;the other ol 

" "next the Center may be ſuppoſed tobe divided, each of 
them-inco 100 <quall parts: that which js next the horizon»: 
tall line concaines che parts of right ſhadow, the other nexe 
the Gghts, che paris of contrary ſhadow. The uſe of the Qua» 
drat is, 3. - 


1 Any point being given, ts findwhether it be 


YN » level nith the eye. 


' Life wp the center ofthe quadrant, ſoas the thread with 


theplum met may play eably by the fide of it: then looke 
through the fights to the place given: for now if the thread 
ſhall fatl on A Bhe borizontal] lie, ' then is the place given, 
ſexell with the eye - but if it ſhall fall wichin the ſaid lineon a«; 


' ny of the diviſions, thenir is higher: if without, then it is: 


lower then thelevell of the eye. 


.2 To finde «n height sbitethelwvel of the eye,or a 
diſt ance at one obſertation. 


Loeke throvgh the fghts rotheplace,goirg zearer or far-= 
ther from it, till che thread fall on 1co parts in the quadrat 
of 45 gr. in the quadrant,ſc (hall the heighr of the place above 
the level) of the cye, be equallto the dif arcebaweene the 


| Placeand theeye. If 
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- -— Ay ifthe ſecond of Auguſt in the afternoone, ] ſ:culd find 
bythe keight of theſon that he beares from me 60gr, from 

' the meridian toward the Weſt: then there being go gr: belon- 
ging to each quarter,the Wiſt will be 30gr.tothe righthand. 
the Eaſt is oppoſite tothe Weſtthe North ard South lieequal 
ly buevreen thew. : 
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If the thread fall on 50 parts of a right ſhadow , thie height 
is but halfe the diſtance: ificfall on 25, ic is a quarter of the 
diftance:if on 75, it is three quarters of the diftance., For ut | 
oft as the thread falleth on the parts of right ſhadow. 


RR” akw$t a” an oo a a>. a>. an. in re # 


As I0Oto the parts on which thethread falleth: 
So is the diſtanceco the height required. 


] 

And on the contrary, 3 > 

. . Asthepartscutby thethread areto 100: | be 

-  Sothe height umtodiftance. + 2" 
But when the thread (hall fall on. the parts of contrary ſhi 
downe :if icfallon 50 parts, the height is doubleunto thedi# 
Kancezif 'on 25, itis foure times asthe: diſtance. For as of 

as the chread fallech on the pare of contrary ſhadow, 

As the parts.cut by the thread areunto 100: Y.6 

—Soſs the diſtance uico the height, ..... s IT 

And on the contrary, | bh 

As 100 are unto the parzs cut by the thread : * 

- Soisthe height uatothe diſtance. | tn 


' And what ishereſaid of the height aud diftance, the Caine 
tay be underſtood of the height and ſhadow. 
| | 3 To - 
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As ifth e place which is to' be meaſured arighe not. other 
wife beapproached, and yet it were required to finde the 
height BC, and: theditſtance:: fir. if-I make: choice-of- a 
fation at A, where the thread may fall on.1g0/parts in. the 
quadrat, and 45 gr. in the quadrant, the diſtance A B 
will be equall cothe height B C; then if I go farther in a 
lirctline wich the former diſtance, and make choice of 
aſecond ſtation at D, wherethe thread may fall on 50 parts 
o-ripht ſhadow-, the diltance .B D would. be. double . to 
the height B C : wherefore I may meaſure the difference 
baween the two ſtations A and D, and this difference 


DA will be equal! both to the diſtance A B and the 


height B. C. 

Or if Icannot make choice of ſuch ſtations, I take ſuch as 
Imay, « neat D, where the thread falleth at 50 parts of righe 
'ſidow; theſecond at E, where it fallerh on 40 parts: and 
lappcling the height B Cto be 1089, I find that 


As 50 parts are unto 100, the fide of the quadrat: 

$ 100 the ſuppoſed height, unto 200 the diſtance D B, 
And as 4oparts atthe ſecond ſtation, unto 100: + 

$ 100 the ſuppoſed height, unto 250 the dittance BE. 


Wherefore the difference between the ftations D and E 
ſhould Ceem to be 50; and then if in the meaſuring of ics 


Thould finde it to be either more or lefſe, *the proportion 


will hold , as from the ſuppoſed difference tothe meaſured 

difference, ſo from height eo height, and fromdiltance to di- 
ance. - 

| Atifthe difference between the two ſtations D and E be- 

Ing meaſured, were found to be 30. 


LI Ag 


"SEE. | Theaſeof the @aadrar. 
As 5othe a difference unto 30 thetrue difference: 
So 100 the luppoled height, unto bothe true height. | 
And 20othe fuppoſed diſtance, une 120 the true diſtance: i} 
And 250 at the ſecond Ration, unto 150 the diſtance BE. 


The like reaſon holdeth in all other examples of this kind: 
Andif an Index wich fights were fitted to turn upon the Cen- 
ter it mighe then ſerve by theſamereaſon for che finding of 
all other diftances. 


A Second Appendix 


Concerning the deſcription and nſes of another Qudifrant, 
Fitted for daily prafiiſe, for finding the Hour , and Azi- 
mutb, and other things of the Suns courſe inreferenc? 
to the Horiz0n, with new lin:s, ſerving t9 
the for e-memtioned, ana other 
purpoſes more ac- 
curately, 


The deſtr;ption of the Buadrart. 


| Wpornangem. the making and uſe of this Quadrant, you 
are tO underſtand that the hour, and azimuth lines are 
like chofe that are ſeen upon the former Quadrant , and the 
ofes are (moft part) theſame , and therefore we lightly paſſe 
them over as is ſeen inthe ſecond propofition, but the di- 
tance between the Equino@ia!ll and the Tropiques, is here 
ſherened to the end that more room might be gained above, 
forche becter placing, and the more exa&@ dividing of the 
Equinc&ials, which in ſmall Inftraments may be divided to 
each ſecond degree, and in la*ger, tocach ſingle degree. 
" Tfir berequired to make theſe yet larger, then may the 
forc-mentioned Azimuth lines belefc quite our. For the uſe of 
ther, as they are here deſcribed, is of ſmall moment, very 
hardly, making good the Suns coaſt co one entire degree:and 
forſerious praftice,the new lines added arefarr more ſuffici- 
Ni M mM eng 


268 The wſes of the Quadrant. 

ent. Ifthis be granted, then may the Equino&ials fiand be- 
low, by which means they ſhall become large enough, even 
in ſmall Inflruments. Eſpecially this may moſt fairly be done, 
if che hour-lines be reverted by changing the places of the 
Equino&iall and Tropiques; that is, if the Equingtiall alci- 
tudes be inſerted below, on the circle neerett the limb, and 
the Tropicall altitudes above inthe circle neereſt to the cen- 
eter. Thas becoming more large, they will ſupply all intend- 
ed purpoſes very well. There is no ſcheme given of this 
change now mentioned, nor of the vulgar Hoars and Azi- 
muths, becauſe choſe lines are well enough known already, 
and this mutationis ealte robe underſtood. If other Q1a+ 
dcants were thought compleat in ule,this will be found much 
more copious. For it ſerve: h not only co find the hour of the © 
day by the Sur: of the night by the ltarrs, and what elſe be- 
loags co theic Rifings, Se:tings, Amplitudes, &c. bur is very 
well ficted alſo todeſcribe all the mo!'t uſuall Corcs of Rand- 
ing Dyalss thac is, all that are upright, orelſe reclining or 
inclining to the fu}} Exiſt and Welt: which two forts will fur- 
niſh many kinds of ſuch bodies, as are regularly formed. 
Theſe are hereperformed by very cafie an familiar ways of 
working, The N-&urnall for the hour by the Stars, is more 

expedient in chis,then in other Quadrants. For in judgi 
of rime only by the Appulfe of the Stars tothe meridian, and 
finding that meridian coo only by a rude conjeQure from the 
N rich ſtarr,anercour of a quarter or half an hon iseafily un- 
awarescommitred. This cannot beſo here if any ordinary 
care be had in taking the Stars altitude. For this purpoſe, 
thereare twelve (ele& Stars inſerted, a!lofthem of North 
Declination, lying berween the EquinoQial and Tropique of 
Cancer; and in ſuch difference of righc aſcenfions, as thar one 
or Other ofchem, will be always in ſach convenient place of 
the Heaveng.as fron whence-the hong may very fully be co'- 
lefed, eyery Night throughouc tha wholeyear. Since there- 
forcihey areſy conveniegc for ule, there would be a liccle 
more diligence uſed to come to the knowledg of them in 
the Heavenz,that due obſervations may be made whenſoever 
| any 


' The uſes of the Dauadrant ; 26 s 

- any ofthem ſhall be in view. If any defire #hat other Scarre 
(fach as are better known tothem) ſhould be inſerted, they 
may havetheir defire cafily fulfilled: Only they muſt cake 
care, that the ftarrs be ſuch as fall between the Tropiques in 
the Heavens,and chiefly between the EquinoRiall and North 
Tropique; becauſe ſuch ſtarrs are longeit in view, and their 
hours beft found. — The Propofitions that are here ſet down 
might have been increaſed both in number and in variety of 
performance, if prolixity had been affe&ed;but ſuch of chem 
and ſuch ways ofeffc&ing them, are here picched upon as 
ſeemed moſt conducible for daily ufe. And for the ſame rea» 
(on it is, that the ſeveral lines upon the quadrant are denoted 
by letters only; that by ſuch brevicy, all unneceflary ciccam- 
locution might be taken off, which, by impoſition of nam:s 

toeach of them, could not ſoeafily have been avoided. 

| If the former Quadrantihave heretofore found good ac + 
ceptance, becauſe it is of ſome good uſe, I doubt not but a 
greater proportion of thanks will be given from the ingeni- 
ous for making publick this larger improvement of chis [a- 

ficament. 


' The #ſes of 2 Quadrant; 
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The uſes of the Duaarante 71 
| 2 IrJo find the Suns Decclination. 
: Z ro the threed to the day of the moneth, upon the back 


: fide ofthe Quadrant, and it will ſhew you the Dectina- 
tion of the Sun in that unequal ſcale, which is numbred with 


S twice 23:. It your day fall in the upper ſcale of moneths, 


8 (which way be called the Summer ſcale) then is the deciina- 
| tion North: if ir fall in the lower (or winter) ſcale, the decli- 
nation is South from the EquinoRiall. h 

Thus upon April 20. you (hall find the fun todecline 15 gr. 
--—» pak and fanwary 30. it declines about 14 # gr. fourh- 
ward. 

q Thecontrary work is eafte: by aſſigning - the ſuns decli- 
nation,to know on what day of the moneth the ſame ſhall be. 
For the threed may be laid co the declinationin two places, 
in both which ic will croffe the twa half years , ſhewing two 
ſeverall dayes on which che-Sun (ball kave ſo mach declina- 
tion North; and two more dayes on which it ſhall have chac 
declination Seuthward. Ic will be eafic ro diſtinguiſh which 
of theſe dayes ſerves your purpoſe, by the two ſeaſons of the 
year, unto which the two ſcales of monerhs do anſwer. 


IL To re@ifie the Bead for obſervation of Hour or Azimuth * and to 
perform thoſe things that are dane . by the u{nall lines upon the 
Duadrant. 


Fins found the Suns declination for your day , you 
4. A muſt count the fame upon thedouble equal ſcale which. 
izom the forefide of the Quadrant, namely, from the middle 
of it, cowards theright hand, if the declination be North, or 
towards the left hand if ic be South. The threed being laid 
thereto, you muſt movethe bead, till ic fall juſtly upon the. 
- ng 2,(o ſhall ic be ſet right for the intended nfes of that 
Jo [ Vs 4.1 

I. For the Hour. If you cbſerve the Suns alticude (by ler- 
ting the. Sun-beams to. ſhine through the fights, _ the 
_ - Plums 


272 Torefefie the Bead. 
Plammet to hang at fallliberty', cloſe co the planeof your 
quadrant) the head will ſhew the hour, if pou havereſpe& to 
thetime of the yeer. That iz;If the Suns declination be North, 
the bead ſhews the time of the day anzong the ſummer hours, 
thoſe which ſpread from the EquinoR&iall cowards the righe 
hand. If the San decline South , thecime maſt be accounted 
in the crofſe lines which are the winter hours. And in this ob» 
ſervac ion you ſhall ſee the thread co cut (in the equall limbe) 

the Suns altitade above the horizon. — Thus at London if 
| the Odecline 15 gr. Northward, and the alticude were 9g, 
the hour would beabout a quarter before 6 in the morning: 
Or a quarter paſt 6 in the evening. Bur if the Sun had the ſame 
declination Southward, and the ſame alticade alſo, then 
would the time be half an hour paſt 8, in the morning ; Or 
half an bour paſt 3, in the evening. The former of theſe times 
3s ſhewed by che bead among the Summer-hours, che latter 
among the winter-hours. 

2 For the AztMuTH. licheſuns altitude be numbred the 
contrary way in the equall limbe, and the threed be laid 
thereto, the bead will then ſhew cthe- Azimath of the San if 
you account it according tothe time of the yeer : That is, 
among the Summer Azimaths when the Sun hath North de 
clinationzand among the Winter Azimuths when the ſun de» 
clines South. The ſummer Azimuths, are thoſethat ſpread 
from the EquinoQiall cowards the left hand: The other cco(- 
fing them,are che Winter Azimuths. Thas if the ſuns 
declination were $ gr Northward, and the alicude 18 gr.the 
Azimuth would be 8o gr. from the South. But ifche ſun had 
$ gr. of South declination, and 18 gr. altitude, the Azimuth 
would be 50gr. from the South , here at London. This way 
may ſerve for grofſe works, when the Azimuth is required 
only within one orewo whole degrees: You ſhall find ic done 
more aceurately,and for better purpoſes in the thicteeach fol- 

lowing. $165 14310-3200 | : 

3. For the ASCENSIONALL difference. The bead being (reQi- 

fied as before) and applied to the left fide ofthe quadrant, 


@ ives the Aſcenfionall difference, or the time of — 
a 
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To fiwd the Amplitude. 273 
and ſetting, before or after 6 a clock,among thoſe hours and 
quarters which interſeQ each other upon the ſame left fide of 
the quadrant, if you count them agreeable to the timeof the 
yeer- And fromthe bead tothe line of 12 rightly taken ac- 
cording to yourtime of Summer or Winter,gives the ſemidi- 
acnall ark of the San, or half the dayes length.——Ag alſo, 
from the bead tothe other line of 12, which ſerves for the 
contrary timeof the yeer, gives the ſeminoRaurnall Ark, er 
half che length of the night. Thus if the ſuns declina- 
tioa were 14; g7- the Aſcenſionall difference would be 1 hour 
and 3 of an hour.And if the ſaid declination were North,then 
the ſun riſeth that day ; of an hour before five; ſerceth * after 
7. The ſemidiurna)l ark (from the bead tothe ſammer 13)is 
71 hours. The ſeminoQurnal ark (from the bead tothe Win=- 
tr 1.213 43hours. Theſe doubled make the day 14, hours 
lag. The night 9; long. 

4 For the AMPLITUDE. The bead applyed tothe right fide 
ofthe quadrant gives the Amplitude of lun-rifing and ſerting, 
inall varieties. Namely; From the bead to that South azi- 
nuch which is proper to the ſeaſon of theyeer, is the Ampli- 
tae from South: as alſo co the contrary ſouth Azimuth,gives 
the Amplitude fri m North: ſhewing how many degrees ot the 
Horizon the ſun ciſech and ferteth any day from the juſt 
Guch or Norc's. So iccm the bead to the Eatt and Weſt Azi- 
nuth (which is che ninetieth Azimuth) gives the Amplitude 
from Eaſt Or Weſt. — [has if the O decline 1 4 y gre The 
Amplicude is here, 23; gr- almoſt. If the declination be North, 
then is this amplitude trom Eaſt and Weſt coward the Nor, 
133degrees. The Amplicude from the North ir ſelf is then 
663: or: From the South point of che horizon it is 114 gr: You 
may.cafily (in ſuch manner). account it for South declinati- 


i 0n30f the ©. 


'V. « To find when Twilight begins in the morning, and ends at Enya 
ning; which moments are the two utmol} termes of dark night, 


Pm the bead is re&ified for your day, The threed laid 


co 18 gr. in the equall limbe, will ſhew the hour or part 


required. Only here remember to take your hour aright, 
Namely,in winter time, look among the Summer hours,where 
itis that che bead refteth, for thatis the Morning or Evening 
hour of Twilight. So in ſummer time you muſt look among 
the winter hours. —_ Thus when the Odeclines 11, gr, 
Southward,the twilight begins at Londen at 5 in the morning, 
and ends at 7 aclock at night, as the bead ſhews among the 
ſammer hours. Burt if chat declination were North, the twi- 
light would begin at zofan hour before3 in the morning, 
and end; afcer 9 at night. --The ſans depeflion 18 gr. under 
the Horizon, is the uſuall cerm whereon co begin and end the 
twilight, You may as well dothisto any depree of lighe , as 
to 12,0r 13 degrees depreſſion. At which time in the morning 
l}chings begin to be viſible, and che light co be of ſome uſe. 
As if the Odecline 3 xgr. Southward,if you ſer the bead there: 
co, and then lay theth:eecd at 12 gr, in the equall limbe, you 
ſhall ſeo the bead, (ainong the ſummer hours,) fall upon 5, 
inthe morning and 7. at night, So thatat5, and eill 7, chere 
i8 a reaſonable degree of light. Or if in ſammer the © had de- 
clined 7 { gr. Northwardzthe (aid degree of light would begin 


at 4 in the mOrning, and end at 8 inthe evening. Neer to 


the longeft dayes you ſhall find notwilight atall, according 


to 18 degrees depreflion of 0nnder the Horizon, for then the 
bead will fall beyond the Winter 12 a clock line. 
© Theſc are the chief uſes of the hour and Azimuth lines as 
they are here,andiin all Quadrants commonly inſerted. There 
are other things concerning the ſuns place in the Ecliprick: 
The ſuns declination : The ſuns right aſcenſron: Namely: 
--- How by baving any orie of theſe,to find our the reſt.—[heſe 
arechere omitted as matters only of curiolity,being of ro fur- 
theruſein this Inftrament, then that they may be _—_ 
et 
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, To find'the aſtenſionall difference; 275 
Yet if any ſhould defire ther, they may have aſcaleof the 


' 12, figns infecibed on the backſide; by help of which , che 


fore-named requilites may be attained. The particulars 


- that follow are moſt aimed at, (az being more ofcthem, and 


more accurate)and therefore theprecedent things are chas 
briefly paſſed over. 


I 11. To find the Suns aſcenflonall diffe - 
rence, &c. 


FOunt the dec ination inthe qualllimbe from F co K: 

The threed there laid, gives B Sche Aſcenfionall diffc- 
rence =-The ſaid Aſcenſionaldiffcrence gives the times of ſur.- 
rifing and ſetting before, and after 6. with the lengths of 
Day and Night.---The fame may be done for ali ftars whoſe 
declinatiens are known. 

q So by having the aſcenfionall diffcrence,you may find 
the Suns declination thereto belonging. 

Here at London, if the declination be 20 gr. the aſcenfianall 
difference is 27 gr. 14 min. Thar is, 1 houc, 49 minutes. And 
if chis declination be Northgthe ſun riſech 1 hour 49 min:be+ 
fore 6, and ſetteth fo much after 6. Thar is, ic ciſeck 11 min. 
afrer 4 in the morning; and ſetteth 49 min. afcer 7 a clock ag 
night. And the time of ſetting being doubled,gives 15 hours, 


'38 min? for the dayes lenget. The time of cifing being doub- 


led, gives 8 houts, 22 min. for the lengeh of night. Bac if the 
declination had been South , the tun (ſhould riſe z hour, 49 
min: after 6 (chat is, at 7, 49 min.) and ſhould fer 1 hour, 
49 min: betore 6(thac is,at 4and 11 min.)and the day would 

be $ hours, 22 min, long; the night 15 hours, 35 min, 


LV. Tofind the Suns Amplitude, &ve. 


(2m the declination in theequall limbe fromG to H. 
4 Thethreed therelaid, gives CR for the Amplicade. 
= -The ſame may be done for ſtars whoſe declinations are 


Nng __ 


= __- 
| EC Soby having the Amplitade, you may find che declina- 


tion. - For if the amplicude be counted fromCroR, the © 


threed laid atR, gives the declination G H. 


Ac Londen, if the declination be 20gr. the amplitude is 32 + 


gr. 20 min. from the Eaſt and Welt points of the Horizon. 


V. Having the declination of any upright plane, to find the elevas« 
tion of the ſtyle, &+c. 


Ay the threed to the planes declination, counted from 
D to R: So will GH be the Etevation. | 
qC S>by having the Elevaticn GH, yau may findD R 
the declination. | 
If an upright plane (here)decline 20 py. the ſtyles eleyati- 
on will 35 gr. 4$ minates. 


VI: To find the De flexion, &c. 


Oant the declination from B to S. The threed there laid, 
gives FRcheD flexion. 
q Soby having F K the Defl-xion; you may find B S the 
planes declination. | 
It a plane declining 20gr. the Deflexion is 15 gr. 13 
' minutes. 


VII. To find the difference of Lows 
gitnde, Oc: 


1 F \Oaunt the Elevation from F to K. E Sisthe difference 
of longitude. 
2 Count the Deflexion from Gto H. CR is the difference 
of longitude. : _ 
C By the contrary works, having thedifference of longi- 
tude, you may find the Elevation-and Deflexion. - 
A plane declining 20gr. hath 25 gr. diff; of longitude. 
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Proppfieions in Dialling. 377 
VILE Tomake avhorizemallDyall, 


i Ount the hour from E to S: Thethreed laid at S,gives 
| F K. Then count GH equallcoFK : The threed at K 
laid gives DR, the ſpace of that hour from 12, 

2 Count che hourfrom CtoR, and by help of the threed 
you ſhall have G H. Thencount FK equall coG H:thethreed 
laid atR, gives BS, for the ſpace of that hour from 12, 

3 With apair of compaſſes, take the hour fromC co R, 
and ſet it from BtoS. BSis the ſpace or angleof chat hour 
from twelve. 

4 Take with your compaſſes the hour from E co S,and ſet 
it from D co R. Sothe number DR ſhews how many degrees 
that hour muſt be from 12. 

By all theſe waies (here at Lord) the third hour will be 
found abour 3$ yr. fromn 12. The reſt will bein like manner 

found according to their erue quantities. 


IX. Tofind what angle any veur-circle maketh with the Horizon,or 
any Azimuth makes withthe EquinoGial.. 


Er the number of the hour-circle ( or Azimnth ) from 
ſouth, be counted from C to R the threed laid at Ry will 
cut the equall limbein H. And F Hwill be the angle requi- 
| red. 


q By the angle know, it will be eafie by the contrary work, 
to find che hour (or Azimuth) to which that angle belong- 


_ &h, 

The third hour (or 45 Azimuth) makes wich the Horizon 
+ (or with the EquinoGial)) an angle of 63 yr. 53 minuiechere 
at London. 


Nnn 2 2 
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X, To find what ark of any hour-circle 1 intercepted between the 
EquincGiall (or any parallel) and the Horizm. 


Oant the number of the hour-circle from South, from E ; 
#toS,or ific beaboye 9o,from Eto B, and back again 

; to S-S>F Kintheequall limbe, will be che ark required, be- | 

eween the Equino&iall and Horizon. | 

The ark intercepted between any parallel and the Horizon | 

may hencealſo be found. ——If the Declination of the pa- 

rallel be North, and the hour be between 12 and 6, Add the 

declination to the ark found by the former work : In other { 
hours beyond 6, ſubcratche former ark out of the declina- 


cion, the reſult will beche ark required. Upon the hour of 
6 ie (elf, the declination of the parallel is the ark interceps- 
ed= = If che Declination be South, Subtra@ ic out of the ark. t 


found b:forey(namely,the ark intercepted berween the Equi- 
n6Ciall and Horizon) what remains is the ark. intercepted 
between that parallel and che Horizon. __ 
Thus at London. The ark of the 3 hour intercepted between ; 
the EquinoGtiail and Horizon, is 29gre 21 min. —And if r 
rhe declinacion be 18 gr. North, the ark intercepred between | 
that parallel and the horizon, is 47 gr. 21 min. If the 
aralle] be 18 gr. South, the ark will be 11 gr.21 min. | b 
C The ficit work, will alſoſhew what ark of any Azimuth 
from South is intercepted between the Horizon and Equino- t 
_ Riall, if in ſtead of the hoar-circle from South , you uſe the 
Aziomth from South. This intercepted ark,is the Equino&ial c 
altitude of that Azimuth. ; 2 
So inthe 45 Azimmb from South, the Equino&iall is 29 = 
£7- 21 min: high- In the 135 Azimmth from South , the Equi + e 
noQials deprefficn under the horizon, is 2g gr. 21 min. 


This is made uſe of afterwards. 
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X1. How bigh the Su ſhall be upon any Azimuth, and in any De- © 
clination. | 


He Azimmth js beſt numbred from the ſouth: And this pro« 
poſicion (with molt of thoſe that follow ) is done by 
help of compaſles. 

' _Clfchegbeinthe EquinoRtiall, the fiſt work of the laſt 
propoficion gets the EquinoRiall altitude or depreſſion, by 
counting the Azimuth tron; Eto $, whereby the ark F K will 
be found. This ark (if the Azimmth belefle chan 90) istheal- 
titude: if more than 90, it is the depreſſion. 

But if the ſun have Declination, then Firſt, lay the threed 
frem F cowards K accerding tothas Declination, and take 
the leaſt diſtance from the poink B, to your threed, and keep 
this extent. Then, 

C.If the ſuns declination b: ſouth; Count your Azimuth 
from E to; and lay the threed there, which will cut che line 
EN.in T. Ser one foot of the former Extent in T,avd turn the 
other about coward the fide A B, applying the threed co the 
remoteſt diſtance of that circuic. The threed fo laid, will 
give the alticude required; if you count the degrees from F. 
Thus the ſun declining (oath 11 gr-3O' will have 167 gr. of 
alricude in the 45 Azimmth. 

C If che ſans declination be North,---and the Azimwh leffe 
then 90 from ſouth;Count your Azinmth from Ero S,and lay 
the threed at i.,andleticcurEN, in T. . Then ſet. one foot 

- ofyour former extent in T, and with the other foot turned 
abour, lay the threed at the remoteſt diſtance, from T to- 

, wards the fide A C. The threed (o lying, ſhews from F in the 
equall limbe, the aſticude required. Thus if the ſun decline 
11 2gr. North, his altitude upon the 45 Azimuth will be 42 y 
gr..—-Bucif the Azimuth be more than $0, count from B rcoS, 
the excefſe above 99; and applying the threed thereto, ſee 
what degrees of theequall limbe the threed cuts from F. 
Count that number of degrees from 60(in the equall limbe) 


forwards, toward 70, $0, 90, and lay the threed there, which 
' ſuppoſe 


_ 


Kill cheir ficſt excent)apon ®,and turn the Orher foot towards 

the fide A C, laying vhechreed at the remoteſt turn. Itnow 
to che threed ſolaid, you number the degrees in the equall 
timbe, from 6b, the ſame (hall be the altitude required. Thus 
if the ſun decline 11: gr. North, and the Azimuth be 1017, pr 
from South ,the altitude muft be 53 grin our latitude of 51 py, 
20 MINULE8» 


Another way for this Propoſution. 


Y the ficft work in this 11th, get the EquinoGial altitude 

or depreſſion for your Azimuth. Then Jay the threed at 
E: and in CD, from D, count the ſaid altitude or depreflion; 
from which number or point, take the leaft diſtance to the 
fide AC. Enter this length between the fide AC and the 
threed, keeping one foot upon the line A C,remove ic thereon 
co and fro, till the other foot turned about may julily couch 
thethreed. Then keeping your compaſles there ſet, remove 
chethreed from G toward H, according,to the Suns declins- 
tion, and take the leaſt diltance from your former ſtandin 
to the threed. This length meaſured in the Scale C D[ ſoas 
one foot ſtanding upon the ſcale, the other turned about 
may juitly touch the fide A C] ſhews an ark, Which, 


If the Suns Dcclination be} 

ſouth, muſt beſubtraQ- | 

ed from | the Azimuths 

SEquinoRial A!- 
If the Suns Declination bel tirade: 
- North, and the fink 
lefſle than 90, mutt be 
added to j 


afo To find tho height of the Sun t all bours: M 


ſuppoſe to cut the line a#, in, Set your compalle ( Keeping 


= vt - . -0- Py f—_— 


To find the height of the Sus. 292 
If the ſans Declination be north,and the Azimuth more than 
90, the Azimuths EquineQtial depreſſion muſt be taken 

ous of this ark; 


The refals is the altitude looked for. 


Thus if the Azimuth be 7" from South, 


- e- 11 Altitude _. 
the EquinoRtiall orig. will be 25 { gr- 


The ark found, will be 143. Then, f 
If the © decline 11: ſouth , the altitude upon the 70 Azi- 
wuth will be 1 degree. | | . 
If theO decline 11 * north, the Altitude :upon the 70 Azi- - 
nuth will be 29 ; degrees. et #4 
\ If the ſuns declination were 20 gr: North , That foremen» 
tioned ark would be 25 gr: whence taking 15; there 
remains 93 for the Alcicude of the ſun upon the 110 
Azimuth from ſouth, at that Declination of 20 gr- 
north. | Satan © T1 
C By this work, maya table of alticudes bemade, by 
_ former Azimurh fines upon the quadrant may be 
reed. 2 


XII, To find bow high the Sun foal be at any hour, and in anyDe- 


clination. p: 


Pit » find the intercepted ark of your hour , between tlie 
_ parallel of Declination, and the horizon, by the tenth. : 

| Secondly, find what angle your hour-circle makerh_ with 

te Horizongby the ninth. 2045-7 0D "19 "$477 82: 

'Thirdby, count thar anglefrom C'cowards D ,/ and from 
thence take the leaſt diſtance tothe fideA C.' Meaſure this 
lnpch _ the fide A C (from A) aad there ſer your com-- 
pilſes. Then keeping that Ration of your compaſles, Lay - the 
| thireedtothe intercepted ark;'counced inthe <quall limbe 
fromG: and taketheleaftdifiance from PTR _ 
ALE: | threed.. 
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threed. Set one foot of this length in thefcale CD, fo, ax 
that theother being turned about, may touch'the tide A C, 
ſo ſhall that foot inthe (cale C D,give che D:grees of Altitude 
required,if you number them from C. 

Let the hour be three from Noon. The intercepted ark be- 


tween the Equino&ial and Horizon,will be 29 gr: 22 min And. 


if the ſun decline NO*tb 
| South 


be 4 yy And the angle of the third hoar with the Horizon, 


is 63 gr: 53! Sothatthe alcitude for _ Declination of 


113 27 ; The intercepted arks = 


{1.zg7c will be3? degrees 


C By this work you may make a Tableof the'ſuns alti- 
tadesupen any parallel of Declination. And by thoſe alt 
rudes you may inſert thoſe ſummer and winter hours which 
areupon the Quadrant. 


X 111. To find the Suns Azimuth. 


F! rſt,lay the threed tothe Sans De-lination counted in the 

equall limbe from F co K,and take the leaſt diftance from 
the point B, to the threed, and keep your compaſlcs at that 
extent... 'Then count the ſuns alticude in the <quall limbe, 
from F, and lay the threed toic. This being dene, 

C If che ſun decline South, keep one foot of your compaſſes 
alwayes upun the line E N, beyond the threed, towards F, 
and remove ic ſtill apon that line, cill the other foot being 
tarned about may touch che threed preciſely. Obſerverhen 
where the foot of your compaſſe ftandeth upon the 4ine EN, 
ſuppoſe at V. Bring the chreed co V,and ic ſhews (from B)cbe 
Azimuth'from che ſouth. , | 

. - CE If theſun Decline North , keep one foot of your former 
. extent, upon the line EN, on this fide che chreed, cowards N, 
and remove ic fill apon chac ling,uncill the foot char is turned 
about do touch upon the threed, And obſerve where your 


compalic 


To findthe Suns Azimath. 233: 
compaſſefoot th.n ftandech, upoy.cheline EN (ſuppoſe it 
ftand at W.)Lay the threed at W, andit will cut the ſcale 
E B. The parts whereof, from E to thethreed , are the Azi» 
muth from South. 

Bur if ic ſo fall outin North Declinations, that when the 


' threed is laid co the alticude,you cannot find room upon the 


line E N, whereon to ſet your compaſles fo as to keep the 
conditions before required; then work in this manner. Add 
alwayes 30degreescoghe Suns altitude, and lay the threed 
atthac compound Alticude, numbred inthe equall limbe 
from F. To thecthreed (o laid,enter the former extent of your 
compaſles, between the threed and the line a», keeping one 
foot alwayes upon that line. And look whereche foo: of your 


| compaſles reſteth upon that line, ſuppoſe at #. Takethen the 
length from to «, and ſet it upon the line N E (from Neo- 


wards E): and to thepoint where it reſts, apply the threed: 
cbſerving what parts it cuts upon the ſcale, from B. The 
number of choſe parts, givesthequantity of ebe Azimuth 
above 90 from the South. Orthe parts cut from E, give the 
Azimuth from the North. 

C If the © decline nor at all, but is in the Eq uinoGiall,then 
the ſole Alcitude from FcoK (by help of the threed thereto 
applied) gives E Sthe Azimuth from South. 

If the Altitude of tie © be 21; in the EquincQtiall;the Azi= 
muth from South is 60 degrees, 

If che ſun decline South 5 zr. and che altitude were 15 } gr: 


the Azimuth would be 60 degrees. 


If the o decline North 20 gr: and the Alticude were 50,the 
Azimuth would be found 50gr. 
_ Ifthe o decline North 20 gr. and the Altitude were 9;- gr: 
the Azimuth would be 110 gr:from the Souch. 

C4 If you ſuppoſe theſun to bave no Alticudegand do work 
by theſe rules, you ſhall find the ſuns Amplitude z Or- 
tive and Occafive, from the South. As if the ſun decline 
20 gr: North, yoD will find 123 gr: 20 min: for the Am- 
plitude from the South, | 


Qoo XIIILT 


Bag — &Tofadthebowof the Dj: 
XIIIL. Tofind the bour of the Day by 


the Sun. 


Et the ſuns Altitude in the equall limnbe from F: and 
co the threed there laid, take the leaſt diſtance from the 
point B: and keep this diſtance. 

Then count the ſuns Declination (which is had eafily by 
the ficſt propoficion:) from F in theequall limbe, and apply 
the threed toit. Then fucther, - 

C If the declination be South, ſet one foot of your former 
extent, upon the line E N alwayes on that fide the threed on 
which Eſtandeth from ic) and remove it iÞFereon, rill the 


other (turned about) may juſtly couch the threed AK. Sup- 


poſe (in ſodoing) the compaſſe foot Rtayeth at V. Therhreed 
applied to the point V, will cut the hour from Noon, if you 
count the intercepted paits upon E B,from E.-—-Thus if the 
ſun decline 20degrees South, and the Alticude were 13 gr: 50 
m:the hour at London would be 10 or 2. 

C If the Declination be North, fer one foot of your former 
extent Upon the fide AC, removing it thereon to and fro, till 
the other foot turned about, will onely touch the threcd. 
When it is ſo fitted, let that foge upon the fide AC, keep its 
tation; and from thence extend the other foot to the ſuns 
D:clination counted in the ſcale AP. This laſt extent muſt 
be applied tO the line N E, from N: and where it ftayes, lay 
the threed. Sothe parts cut upon the ſcale E B, will give the 
bour.— But this muft be done with caution. For if that 
foot that kept its ſtation, ftood from A, beyond the Suns De- 
clination in the ſcale AP, thenthe intercepted ark from E 
to the threed, gives the hour fram Noon. Burtif the for1ena- 
med foert flood between A and the Declination, then che 
wholeark EBgo, with the ark from B back again co the 
threed (theſerwo put together) give the hour from Noon. 


Thus ifthe ſun decline 15 gr: Northward , and be 21 gr: 


high, the hour is 7 before, or 5 after naon, Orifthe altitude 


were; gr: the hour muſt have been 5 in the morning , or 7 
in 


wg 


in the Evening: n:mely, 90 and 15 degrees from Noon. 


XV. Onan Upright declining plene, to find the angle between 

12 and 6. | 

on the planes Declination from C cowards D : From 

chat point take the leaſtdiftance co the fide CA. Ser 

thatlength fromMro Y, upon the line M Y. The threed 
laid at Y gives G K for the angle betwcen 12 and 6, 

Or count:the Declination of the plane from B towards E, 
and lay the threed at ic. The threed will cut NE. Take from 
Neo the interſe&Qion, and apply itro M Y; the threed put to 
Y gives GK,as before. 

If a plane Decline 20 yr: this angle will be 663 at Londsx. 


XVI. To find the Declination of a plane. 


Icſt, draw an Horizontall line upon your plane(which you 

may do by your quadrant.) Then apply one fide of the 
quadrant tothac liney(o as the limbe may be coward the ſun 
and the plane of the quadrant may lye Horizoncally flat. 
Thirdly, having a looſe threed and plummet, you mult hold 
that threed cloſe by the edge of che limbe (letting the plum« 
met hang down at liberty) cill the ſhadow ef thethreed paſ> 


ſeth dire&ly chrough che Quadranes center. Whick 


done, you ſhall ſee what degrees of the limbe the ſhadow cuts 
from that fide of the quadrant which is perpendicular tothe 
Horizontall line. This is called the Horizoncall diſtance. At 
the (ame moment of time, obſervethe Suns Alticude. By this 
Alticude you may get the ſuns Azimath from Seuth, by the 
thirceenth. . 

Afrer this preparation, take diligent notice , whether the 


ſhadow of the threed fall betrwixt the South, and che per- 


pendicular fide of the quadrant. Or whether the ſame ſha» 
dow fall ſo, as co leave boch the ſouth and the ſaid perpendi- 
cular fide (both of them) upon one coaſt of the ſhadow. 
In the fark caſe, you muſt add _ Horizontall diſtance = 
00 2 the 


a3& To draw wright 
the Azimuth. In the lacter caſe, you maſt ſubſira& the lefler 
out of che greater. The reſu!c (whether it be ſumwe or diffe- 
rence)gives the planes Dcclination from the ſouth. 

Note here in theſecond caſe. Thar if the Horizontall di- 
ſtance begreater then the Azimuth, then doth the plane de. 
cline to that coaſt (Eaſt or Weſt) which is contrary to the 
coaft on which the ſun ſtood from the ſouth. This fa}lech out 
very frequently. 

Noxe alſoin the ficſ: caſe. That if the ſumme of the Ho- 
rizontall diſtance and Azimuth doexceed 180 gr: then the 
planes declination from ſouth, is contrary to that coaſt 
whereon the ſun ſtood; And itis found, by ſublirating the 
forementioned famme out of 360 degrees. This happens 
moreſeldome: that is, onely upon ſome North planes ; and 
on them, onely then, when the ſuns azimuth is more chan 90 
from the Sourh 53 and the Horizoantall ditance more than is 
the Azimuth from the North. 

Examples are here omitted for brevities ſake. Onely add 
this. That if the planes Declination from South be above 90 
gr: you maſt ſubdu& ic out of 180, and the remainder is the 
Declination from the North. By this accounting from 
North and South, you may alwayes make that your plane 
decline not above 90. And aswhen ic declines nothing, it is 
a full South or North plane; So if ic decline juft 90, it is then 
a. fullEaft or Weſt plane. 


XVII. How to draw any upright declining Dial. 


Irſt, draw a perpendicular or Plumb-line A B, and cro(s 
it at right angles with the Horizoneall line B C: and 
make BAcquall to AOin your Quadrant. 

. 2 Upon the equall limbe of your Quadrant, count the 
planes declination (from North or South) from G,and there 
Keep thethreed: which will cut ſome of thoſe lines chat are 
drawn within the upper ſquare. 

3 Obſerveficſt, choſe interſeQions which the pricke lines 
wake wich the threed at b,d, my Take then thelengch _ 
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A he center of thequadrant to b; and ſet it here upon the 
Horizontzll line from B to 1, Calwayes on that fideof B, 
which locks tothe ſame !coaſt whereunto the plane decli- 
neth.) So, take fromthe Quadrantscenter A, to the ſecond 

icke lines inter(e&Qion with the threed, at d; and ſet it here 
from B to 3. So likewiſe the third Am, muit be fet from B 
103. 
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4 Obſerve 


2398 To dyaw wpright Declining Dials, 


4 Obſerve again all ſuch interſe&ions as are made with 

the threed, by the reſt of choſe lines whoſe common concur- 
rence is in the point M, namely, at «, ce, h:and take their ſe» 
verall lengths from the quadrants center A, and prick them 
hete down on the other fide B (contrary tothe coaſt ofdecli- 
nation) namely , at 11, 1o, 9,8. Theo for the next line 
upon the quadrant (which doth not,but would interſe&the 
threed, if it weredrawn out far enough) obſerve where the 
threed cuts theextravagent liners, namely in 5: and take 
from Atos, and turnthat length twice from B, fo fhalll i 
deſign the pon 7. Afterwards at che pvint 7, draw the inf 
niteline C D paralleltoB A. Alf fetoff the hour of 6, on 
that fideB which is contrary to the coaſt of Declination, 
namely, from BtoE, according as theangle between 12 and 
6 ſhall be found by «hediſteemth. 

5 Draw all the hour-tines from A, the center of your Di- 
all, through the poims 3,241, T2,11,10,9, 8, 7, in ſuch wiſe, 
that a8 many a3 wellcan, may cuttkelineD C, asis here 
done, inp and gq. 

6 Make 6, 5, equall to6, 7: and 6, 4,equallro 6p: ands, z, 
equall to 6,4: and draw the reſt of the hours, A 5, A 4, 43. 
Thus you may get 12 hoars, and if you extend them beyond 
the center, you ſhall havethewhole 24. Oucof whic' you 
may make choice of ſuch as will ſerve your uſe. 

q For placing the flzle. 
Scek the elevation and Deflexion by the fifth and fixch.And 
make BF equall co the Deflexion; ſecting che ſubſtylar line 
F A alwayes onthat fide 12 which is contrary to the coaſt of 


the planes declination.Make alſo F Gequalto the Eievacion: 


SoF AGwillbethe pattern ofthe file. 

Orthe threed lying ſtill at the planes declination upon the 
Quadrantas ic did, Take the leaſt diſtancefrom the point 
to thethreed, and ſetchatlengeh from Bro H, and draw AH 
for the ſubſtylar. Then making A H K a right angle,.cakeche 
lealtdiftance from M tothe threed, and make H Kequall to 
this diſtance: Sois K A Hthepattern of your ſtyle. 


Cv 
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4 Ind Dial;, Theftyle 
maſt ftand juſt overthe ſabſiylalar, Elevated ſo much aboye 
ſt, as the Flevacion (before feund).cometh to. 
In ſouth Upright decliners,the center of the Diall is above 
(as in the former figure) and the ſiyle points downward.Bue 


in North decliners, the center mult be below, and the ſiyle 
muſt point upward. 


XVIII. Of the mpright ful South-Dial. 


He Declinatton of the full ſouth Dial is nothing. Whence 
it is, that 
The angle between 12 and 6 is 90 degrees. 
The line of 12 is the ſabſylar. 
The fiyles Elevation is the complement of your lati- 
rude. : 
The way of pricking down the hours is (in a manner) the 
- with that before for decliners.No more aceds co be (aid 
ie. 
The Er: @full North plane is the ſame wich this Szuth.Oa- 
the Ryle of this, points upwards toward the Narth pole, 
athe former doth downward towards the ſouth pole. 


XIX. Of Upright far declining plains. 


Heſe Dials are more difficult than choſe other decliners - 
mentioned in the ſeventeenth , becauſe here the hours 
veno center or point of meeting upon the plaine. It will 
2% be amifle therefore to ſet down the whole work in all 

parts of it. | ; 

1 Draw a perpendicular or plumb-line A B, and croffe it 
4right angles with the Horizontall line BC. And make B A 
QQuall co Ag in your quadrant,ſetting A above Bif cheplain 
decline from the South, or below B if ic decline from North. 
2 Count the plaines Declination from Somh or North, 
pon the limbe of your quadrant, from G: and there keep 


he threed. A 
3 Among 
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3 Among thoſe lines on the Q :adranet (whoſe common 
concurrence is ac M) obſerve thac interſe&ion which is made 
by the 6th hour from the quadrants center with the threed, 
Takethe length from the (ſame center to that interſeRion, 
and prick it down here fcom Bro C(and on that fide B which 
locketh toward the (oath, if che plaine decline from ſouth, 


LM 
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Þ an uprighr plain, 
3 <<clining 82 deg. 

= from South, 3 
> 4 Eaſtward 
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Hr cowa 


polaty, 


length will reach from C ro 11, at 


6 La 


in the line CE. Then take the length from H co 10, and (eric 
from A (cowardsB) to 10, the ſame way from Athat 10 
Rands from H. 7 

7 With the ſamelength H 10, or A 10, go eo your qua» 
drant,and ſetting one foot of it on the fide A Cyinthe fourth 
point from the Center, with theother turned about) lay the 
threed at the remoteſt diltancezand keep it there, 

8 Fromevery point on the fide A C of your quadrantitake 
thelealt diſtances to the threed ſolaid ; ſetting them down 
from Ato7ands5,from Ato 8and4,from Atog.A10 was 
put on before. Then the leaft diftance from r cothe threed be» 
ing twiceturned from A towards B,will give the length from. 

-Ato 11. 
. 9 Forthefiniſhing then of the hours, you have no moreto 


do, but 


dent points; namely, from 4to 4z5to05; fromC to A, or 6to 


6: from 


or 


draw outtheline CDE parallelto B A. 

4 Obſerve again upon the quadrant that interſe&ion 
which the ſecond iine from the center makes with the threed 
_ andtakethe length from the center of the quadrant thereun« 
$0, and prick it dawn towards C, namely from BrvuF. 

5 Takethelengths from the center of your quadrant to - 
every hour point upon the fide A C:and prick them all down 
there, fromCto7 and5,fromCto8 and 4, from C to 9g, Ic. 
And laſtly, take from the center of your quadrantto the 


of PV ke precedent ſeyenth propofition you may find the 
that declines $2 gr:) will be (here at London) $3 gr: 43 _ 


Ll 


i 
FIeY: larms, 2 or  A* 
rdeheN the plaine decline from North.)And | : 


and turn that length twice from C: this - double 


yarulertoAand F, and transfer the point F unto H 


draw right lincs throngh each couple of correſpon- 
7 t07; Sto $;39t09310tolo;andfrom 110 Ll. . 
Y Concerning the forming, and placing of 
the ſtyle. 


plaines difference of longicude,which (for this plain 
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' and that from che South, becauſc the plaine declines from 
the South. The complement of which iongirude ($3gr: 43 
min:) is 6 gr- 17 min: Takethen ficit, the lerigth from C to 7 
the next hour point upon CE, and carrying that extent to 
your quadrant , ft one foot of ic upon 15 in the ſcale A P: 
and lay the tlireed ſo, that the other foot turned about may 
Jaſt tonch or paſſe over it: and Keep the threed there. Then 
(in the ſcale A P )ccunt the forementioned complement,s6 yr: 
17 min: and taking theleaft diſtance from that point to the 
threed ,ſet it from 6 a clock at C, towards E if theplaine de» 
cline from S5uth, (or towards D if the plainedecline from 
North) as you ſee ic dene here, at G. Secondly, da the ſame 
work again upon theline A B. Thatis; Fakefrom A te 7 the 
neereſt hour point, and ſet one foot of that extent upon 15 in 
the (calc A P, and with the other foot turned about , lay the 
threed as before. Then in the ſame ſcale A Þ, count the ſame 
number 6 gr. 17 mis: and taking the leaſt diſtance from thence 
to the threed, ſec that length from A to K, anſwering toCG. 
And laſtof all,draw che right line G K. This ſhall be che line _ 
of deflext10n,0ver which the ſiyle muſt and. | 
11 Furthermore. Throagh the points Gand K (or any 
other two points of theſame fine) draw thetwo lines G O, 
K P, both p:rpe:.dicularto the deflexion line G K. Then con- 
fidering that eve:y hourcomprehends 15 degrees of longi- 
rude (chat is,that fromC to7 is 15, and from7 to$ js 15, 
$&c. and fincethat CG is 6 gr: 17 win: If CG, betaken outro © 
C7 which is 15 gr there will rewainG7, B8gr. 43 min. To 
which, if you add frum 7 to 9, which is ewo hours or 30de« 
grees, the ſum will be38 gr; 43 min. whoſe complement is 
51 gr: 17 min: If now you make the angles GM R, and KNS, 
each 51 gr: 17 min. they will cut the Deflexion line G K, io R 
and S. And iffurther,tothe radius GR, you deſcribe the ark -- 
R T;zand to the radius KS you deſcribe the ark S V;and draw 
the line T V, a tangent to both cheſe arks, the Tropezinne 
GTK V ſhall be the pattern of your ſtyle. In placing which, 
you muſt be carefull that theſe perpendicular lengchs GT | 
and KV (perpendiclar Ifay to T V che Fiduciall edge) be 


juſtly 
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as: 
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juſtly placed upon the two afſumed pointes at G and K-—Oe 
having found G7 tobe$ grz43 min: you may add toie from 
7 (© 10, which is (chree hears or) 45 degrees. Theſumm will 
be 53 gre 43 min. whoſe complement is 36 gr: 17 neinates. If 
now from the points O and P (where the (aid hour of 15 
cuts the :gwo fore-mentioned perpendicutars GO and KP) 
you make the angles GOR and KPS, each equallto 36 gr: 
17 min. they will cut the deflexion line G Kin the ſame two 
points R and S. After which, you may proceed to make the 


| pattern of your ſtyle, as before. 


C i Notethatin performing the fifth ſeQion of this propo« 
ficion, in ſtead of taking choſe hour points from the 
Center of your quadrant upon AC che fideof your 
quadrant(if thoſe diſtances ſhould be too great for your 

Plaine) you may lay the threed any where upon the 
Qaadrane, andina ftead aftaking from the center to 
the fore-named points, you may take the leaft diſtances 
from the ſaid points co the threed, ſeverally, and (ec 
them down from C te7ands5, andfrom C to 8 and 4, 
and ſocog, ko; and for 11, you. mult rake from the 
point rto the threed, and ſer it ewice from C; by which 
meansthey wil be all of lefle diftance from C. And then 

* allthe work is co be continued, as is befoce preſcribed. 

Or if the ſaid diftances ſhould beoo lictle, you 

may double, triple, Org&c. tro make them greater. 


 ©2 Noteagain, thatin decliners from the North , that 


difference of Longitude which you find by the ſeveuth, 
isco be reckoned from the North, and ſothe comple- 
mentofieis to be accounted from C (or 6 a clock) co» 
__, wardsD. And chatthe wideſt pare of the hours in theſe 
North plains muſtpoint upwards, and the cloſeſt parts 
downwards;comtrary co what is exprefſed herein this 
plane, which bath ics Declination from the South. 


C; Note laftly, that this dire&ion here given for enlargig 
* the hours in farr Decliners, may eafily -be applied to 
ſach dire&,orHorizontall Dials (as are mencioned in 
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—_ 294 - Of Eaſt and weſt upright Diale: | 
the 26 following.) vpon which che pole hath but ſmall 
Elevation. For the Diall (or onely ſome chief hours of 
it) being deſcribed in its naturail fireightneffe, may be 
enlarged by the ſame means that this laſt was. Which 
will not be hard to do, but would be tedious here to 
'runover again. - | | 


XX, Of ful Eaft and Wei upright. 


Jabs. 


Heſe are moreeafie than the former ſort wefe. For ha« 
ving drawn the plumb-line AB, and affumed the poim - 
| Aforthe hour of 6; goto your Quadrant and take from the 
' Centeref ic toall the hour-points upon the fide AC; and 
prick the firſt of them down in the line AB, from Acog5 and 8 
7: theſecond from A to 4and $; the third from A co 3: the 
4th from A to 2. And for the fifth, Take from the center of 


your Quadranttothe pointr,and ſet that length twice from” 
Ayo it ſhall limit our the point 1,—£—Having theſe points 
draw !ines through them, all parallel one tothe other, and 
all poincing up to the Northz namely ſo,as to make the acute 
angles BA C equall co the complement of your latitude. 
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CE For the flyle. 


T muft always ftand over theline of 6a clock, parallel to - 
'& it,and diftant every where from it according to thelength 
of AD. Whick length is ſoon found, by drawing A D "ow 
| cular 


CO 
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For the Fiduciall edge ly*s parallel to theline cf 6, A C, and 
at thediſtance of thatline A D. | D 

1 Note here t003that if your lengths from the Quadranty 

center to the hour-yoints be coo long, you may ſhorten 

them by laying thechreed upon the Quadrant, accorn 

ding as your convenience ſhall dire&, and taking the 

leaftdiſtances from thoſe hour-points to the threed; 

and ſopricking them on fromAto6, tO5, 4,3, Sec; ag 

was before mentioned in the firſt Note upon the for 


mer propoficion—Occifthey be too little they may be 


doubled, &c. as isthere exprefled. 


C 2 Note farther, that what is here done for deſcribing - 
cheſe Eaft and Weft Dialls,may be applied co the dire& 


Polar plain. Only remember that you are ot tyed (if 


the Polar)to make the hours © any ſet angle with the + 
lineBA, buc they are beſt ac righe angles; forthen the ' 

' Det as, the Horizon 
tall line of the (aid plain; all the hoars lying as vertical. 
lines whtoit. And affo the line of 6 here, muſt be taken © 
(in the dire& polar) for the line of 12, and thereft of. 
the hours aretobedrawn alike on both fGdes 12: no 
thing in ſabſtance differing from theſe Eat and Wet - 


line A B may be eaken for, and plac 


Planes. | 


XXT. InEoft and Weſt rein-eliners, 
To get the Deflexxion, 


Ount there-in-clination from D cowards C. Take the Þ| 
leaſt diſtancefrom thence to the tide A C.Sex that length | 


from M to Y, and lay thethreedat Y. The degrees F K will 
give the Deflexion. : | 

The ſubſiylar line muſt aſcend in Recliners and deſcend 
in Iacliners, from thelipe of 12. according to the quantity 
this Deflexion. 


The line of 12 lyes always parallel tothe Horizon. = 
XXII, To 


Of Fetandiveft *prioht Daals. 
dicular eo the hout-lines, cutting the third hour from 6, ig - 
D. By which line you may. make the pattern of your Riyle, 
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© Of Eaftnrioreintirhing Bice, nan 


- XXII. Tofind the angle between 12 and 6. 


Ount the Re-in-clination from E towards B.The threed 
Uchere laid will cutthe equal] lin.be. The degrees wheicof 
* | fomGcothe threed,are the sngle required, 


« XXIII. To get the Styles Elevation. 


, [7 the threed- to the Re-inclination numbred in the 
equalllimbe from F, and take the leaſt diſtance from N 

' othe threed. Set one foot of that lengthinB, and lay the 
| threed ſoas totouch the other foot when ir is turned abour. 
| Phe _ {o laid, gives the Elevation in the equall limbe, 
mPF. 


XXIV. To find the difference of Longitude. 


1 —_ the Deflexion in the equall limbe from F, and- 
"Al lay the threed to it; and take the leatdiſtarce from B 
| the threed. Put one feot of this length in N, and apply che 
i freed tothe remoteſt difta:.ce of the other' foot. The threed 
ors ſhew in the equall limbe, the difference of longi- 
| idezif you count from F. 
SY 2 Countthedeflexion in the equall limbe from G: and co 
| the threed there Jaid, take theleatt diſtance from B Meaſure 
| ttatlength upon the fide A B,from A; keeping one foot there 
IF ec. Then lay the threed co the.plains Re-in-clination 
| tounted alſo from Fin the equalllimbe, and take the. leaf? 
he | fiſtance from your fanding tothe threed. Set one foot of 
þ {© fiizlength in B, applying che threed tothe other foot turned 
11 |} out. The three ſolaid, gives the difference of Longitude 
lithe equall limbe, from G. | 
ad || | Thus ifan Eaft or Weſt plain Re-incline , here at London, 
ry 30 degrees it will have in | | iy 
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Deflegion =—— 47%:26% 
Angle from 12t0 6.——-55, 26, 
Eleyation 239, 02. 


Differ of Long.—-70. 14 - < 
XXV. How to #raw the D;sll. 


FJ*- the backfideof your Quadrant, in the upper par 
of it, you have lines drawn alcogetherlike thoſe on the 


foreſaid placed neerthe Quadrants center, che uſe of which 
I was [hewed before. Ltee. 9, 
F , The manner of work in this propofition is in moſt hinge 


region. } 
Oaly for placing the lines, Take noticegthas | 
Fa The line of 12 in theſe Eaſt and Weſt Re-in-cliners, lyeth 


\ 


alwayes parallel cothe horizantall line of the plain. So that if 
we ſuppoſe the former figure of the ſeventeenth co repreſent 


tall, and BC verticall. All other works will belike to thoſe 
| intheſeventeenth. | | 
The ftyle inrecliners pdinteth upward, and the ſubfiylar 
and the hour of 6 do aſcend above theline of 12, So much av 
the Deflexion and angle from 12 to 6, come to. The center of 
the Diall is on the South end of the line of 12. 
The fiyle in incliners pointeth downward, and the ſubſiy* 
g lar and the hour of 6do defcend' below the line of 12, 
i much asthe Deflexionand angle from 1206 come units 
=p The center of che Dialf is onthe Notth end of the 12 4 clock 
b.-- line. | Fi 
Theſe chings being obſerved., you muſt count the Re-in* 
clination of your plain inthe equall limbe on che. backfide 
from che left hand toward the right,according as.che figures 


how it cuts chelines next to the cencer, and proceed in all 


| tings as in che ſeventeenth before. 
C Note that you may find the inclination of a m_ a 
applyin 


fatableto that in the ſeventeenth, and will need no other di- 


one of theſe Dials, then A B muſt be conceived to lie horizon- | 


RATES eamedo cm vY;,na a, > 7. 


are ſer: andthere lay thechreed and keep: it, Thea obſerve F 


A 
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applying ane fideof your Quadrant to the plains verticall 
line: for ſo thechreed will cur the' quantity of inclination in 
the degrees of the equal limbe being numbred from tha fide 
of the Quadrant which toucheth the phine...-And for 
finding the redinacion, yau may lay a ruler toy the vertical 
line of the reclining face; and take the fclinadon of the un- 
der fide of chat ruler. That inclinationwill be the Came with 
the reclination. E-$=4 | 

Note alſo, that this here delivered for Exft and Weſt Re» 
incliners, is intended chiefly for drawing hours upon thoſe 
kinds of plaing when yoh meet with them upon Bodics cuts. 
regularly. For-otherwiſe you will hardly ever find any ſuch 
jalt plain upon a fied building. _ 

Laſtly, for a ſcale of chords, which here, and in ſome of 


.theprecedent prep is required, you may make uſe of the 


equalllimbeof four qguzdrant. 


RAVI. .To make an Horizontall Diall to any Latitude. 


a gs the righc line B C, and ere che Perpendicular 
\L AB. Thengakefrojythe cencer (oneither fide of your 
| quadrant) rote third hour upon the fide A C;1ad make AH. 
equall thereto) And draw F Hparallelio BC; and the line 
5 K7 alſojuſt inthe mjd(t of chem. After this lay.lay the 
threed to the latirude of the plain counted in the equallimbe: 
and take from every point of the fide A C, the leaſt diſtance 
tothethreed, and ſet each of them down both wayes, names 
ly, from Ato 4ard 8,from Acto3andg9, to2 avdio, and 
from Ato1 and 11. Then take from the point ruponthe fide 
AC, otkethreed,and ſet that leogth from Kiog and 7,both 


 Wayei+—- You bave now nothing more to do,but only from 


'Htodraw the hour: lines to all the fore-nawed point::fothe 
'draught is eafily-finiſhed. | 
The fiyle muſt ftznd upon the line of 12,and is to beelevar 
ted according tothe plainslatitude: as the manner is in all 
; Horizontall Dials. | 
: 4. Theuſe of chis propoficion is to draw all Dialsin any 
132  Qqq  laths 


Lo 


Latitude forany ire& re-in-clning plate. For, the re-in- 
clination compared (in North re-in-cliners) withthe poles 
Elevation: or (in Seath dixeR re in-diners) wich rhe Equi- 
no&ials Alticude, willeafily givethe plaims Latitude * inthe 
former, the difference was the Elevation ſelf-tn thelarrer; 
the Complement of the poles Eleyattoh.——Ajid this propor 
ficion, wih the ſeventecath for upright plains;'thecwentierh 
for upright Eaſtand Weſt, and ſoalfo'for 'pelzr plains on 
which che pole hath no Elevation: the ewenr: for Eaft 
and Weſt re-in-cliners: the ejgheceiith for —_— _ 
DPF ut 
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To fndthe hour of the N#yhbt bythe Scars; 20k 


' Southere&;will furniſh you with wayes to draw Dials upon 


ſuck regular bodies, whoſe plains have any ſach of the fore- 
mentioned AſpeQts. | | | 


KXVII. To find the hour of the Night by the Stars. 


 þ- Scars uponthe Quadrant (one or other of them )will 
alwayecs be in convenient place of the heavens : that is, 
of twoor mere hours diltance from the meridian.-—Havipg 
then made choice of that Star that is ficreft, lInok what num» 
ber is annexed a0 the name of ite Seek that number in thelefe 
margin of the forefide of your quadrant, cloſe by che hours 
lines, and re&ifie the Bead to it.—Then hold up che qua- 


 drans ſteadily, with the fights leyelled to the Star, asif you 


wereto take the Stars Alticude: and you (ball find the bead 
to ſhew (among the Summer hours of the quadrant) che mc- 
tion of the Sear in hours, quarters, and parts of a quarter. 


« This is called che $rars hour; but this is not the hour of the 


Night rill ic þs turned inco the Suns bour: which thing is to 


: be done in this manger. 


Loc kupon the back fide of the quadrans for your Starr, 
and lay the threed upon it: flipping the Bead down to the 
flope hours below, till is and upon the ſame quarter and 


' pare (tcom (ſome juſt hoar on the left hand ofche bead) with 


the Stars hour before found. Then no:e the aid hour gn che 
left han1 which cond lm befors aber. or -_ mult oY 
ſuppuled rareptelent cars hour, ang mult agretore | 

calied by theſarge nameor yumber chat the Stars hour was» 
Sad the following hours:(from the Bead towards the right 
hand, mult ſacceflively take their pumbers, untill you come 
tobeunderabeday of your maneth. Ulnco which day if the 


_ qhried behatd, the bead will (by keepingot your former ac- 
count) ſbew the erue hour,quarter,and part,of the Night. 


| Example, 1, On Fanxary the 20, the hour of Gor Leoni was 
obſerved Eaftward of the Meridian, to be 9 andy part a 
qgyarter. The threed laid upon that Star, onthe back-fide of 


' the Quadrant,will crofle the ſlope hours as doth the line AB. 


Qqq 2 And 
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762 - * © Toftad thewight tyrhe Stare 
And the bead pur down tothe forementioned -parts of the 
hour, will ſtand at the point B- So that the hour C muſt be 
called 9 aclock, which is the obſerved hour of the Star. Then 
theline D muit be called 10aclock-: and the threed being 


put to January 20(takenin the lower circular line of moneths) 


will lic in the line A E; and che B-ad at E, ſhewsrhe time of 
the Night co be paſt(the line D.chac is, paſt) 10a clock,abour 
: and * part of a quarter, which is 15 and 5 minwes:or 20 min: 
paſt 10 atnight —Bar if this obſervation had been upon the 
ſecond day of November: then the threed laid upon (the day 
givenin the lower circle of moneths, November 2, would lie 
In cheline A F: and the Bead would beupon the full houre- 
line that paflſeth chrough F, which would be ga cloek in the 


morning. For if thelineC be 9,theline Dis 10, the nexcline 


is 11, and fo forward till your account falt upon F : which 
muſt be 4 a clock pal (12 or) Midnight. £ 
Example 2. Upon the 8 of Auguſt, the Star Aquils was ſeen 


on the Weftfide of the Mecidian,and the hour of it was found 
3 and} an hour,and ; 2q arcer. The threed therefore _ | 


laid upon that Starr would be as the line AG, and the Bea 

(reEified cothe; hour and,* quarter ) would ' ſtand art the 
point G. Sothar the nexc houre-line on the lefe hand of G, 
mafſt be ca!led 3 a clock: and the line F- muſt be8 a clock. 
Then, the threed being removed co the day of your moneth 
(Auguſt 8, in the apper circularline of moneths) will lye in 


ctheline AB: and che Bead ac B will (hew' the hour of the © 


Night (if yov keep yoar former accounce.)to be, and half paſt 

1 a clock-Forif Fbe$ a clock (as ivbeforeexprefſed) then 

| the laſt heur of the limbeis 11,the firſt is 22, the ſecond 1;be- 
ond which, the Bead Bis abour 22 minof an hour. There- 
ore thehourof the Night is 1 a clock 22 minuter. 

© * By theſeExamples che manner of the work will ſuffici- 

'. ently #ppear in all caſer., 


F 


£* 
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To draw" Altitudes3;jd Diſtances. 203 
The uſe of the Altimetrick Scale. 


"He Scaie on the fore-fide of the Quadrant next to the 
equalllimbeis here called the Alcimetrick Scale. Ic is 
pumbred by 1,2,3 : &c-to 10,20,30,&c:to 100. Each of which 
numbers are beſt ſuppoſed to be 100 feld. viz: 1u0,200,&c.to 
1000,2000,&%c:to 10000: and allthe leffer parts eftimated 
accordingly.--—The ground on which you ſtand to make 
your menfuration, is alſo ſuppoſed to be a jutt leyell. 


I To find any beight at one obſervation. 


| = ſtation beat Ezand the fights DAdireQedco the 


Sint F: chethreed A Bcuts eff che parts C Bin the mea- 
ſaring Scale : which. pares muſt be remembred...-—Then 


| meaſure from your ſtation E,to the point H, which is juſt un- 
 derF. And (alwayes in this cate multiply this diſtance EH 
| by che forenamed parts of CB, and from the produ@cut off 
3 figutes coward theright hand, The remainder is the alci- 


tade GF. To which. you muſtadd HG, or DE, the height 


| from youreye at D coyour foot atE. 


Thas if the threed A Bſhould cut off C B 1500 parts, and 
the diſtance E were 59 feer, The height G F woull be $8.500 


8885 fect. | 


* ah Il. To find part of an Altitude: | 
bene the length of FKbe only required. Scanding then at 
E, you may find thealticude GF. Keep ſtill the ſame 


Randing at E,and find the altitude G X,by the laſt precedent. 
$GF caken from G X, gives F X required, | 


II. Standing 
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Ill. Standing upon a known beight,to find a diflance. 


Ec the beight F K be known. and the diſtance BK be re. 
quired. Ocder your ſtanding ſo, chat che two fightsP, & 
the point F, and the diftance K, may allappearin one righz 
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line. Then look what degrees the phummet cuts off in the 
equall limbe from;9. Count the ſame number in the ſame 
limbe,frem S; and there lay thethreed, as Þ T. Note then 
- what parts it.cuts ppon the weaſuring Scale from Q to T, 
Maltiply thoſe parts iepF Hehe known Altitude: and from 
theproduCtcut off three figures, the remaigder or quotiext;is 
" thediftance HR | _ _© ob gh NE 

Thos if theahreedPR ſhould cur off Q R in the equalt 
limbe56 ; degrees, the ſame counted the other way, from 
Sto Tin theequalllimbezand the threed laid thereto would 
give 667 inthe meaſuring ſcale. Then F G being $$ © feet 
and G H (ſuppoſe) fivefeer, FH muſt be 93 5 feet. This mul- 


tiplyed into 667, makes 62364; from whence catting ny 
: rac 


- 


» 
.. - >. © 


as. aa a NS a7 he anon i, 


the three right band figures,there remains 62 364 or 62 : feet 
forthe diſtance HK. 


IV.. To find partof a diff ence. 


Hh diftance of K from Zwere required. Firſt, find H K, 
chen H Z, by thechird precedence: their differenceis K Z.1f 

KZ were atrench, you might from the tower F., find the 
| bredch of it withour any approach umoir . 


.V; To find « beight at two 
obſervations 


FF H were to be meaſured, and the way from Eto H were 

& unpaſſeable, ſo that the diſtance of E from H could not be 
meaſured. You muſt in this caſe maketwo obſeryations. For * 

which purpoſe, Take your firſt ſtationatE, ard dire& the 

- fights D,A, cothe point F: noting wha parts the threed cuts 

. upon the equall limbe from C to B. Then ge backwards in a 


* 


ghe line, £©@ a competent diftange, as tOM; and there ma- 
| £py ſtation, obſerve (as Ideees BEE, the 
threed cuts upon the equall limbe from N to O: (the cwo 
liphcs L, I, being juſtly direRed co the point F). Then count 
theſe two arks in the equall limbe, frem the contrary fide of 
thequadrant, namely tromD to Y, and from Leto «, and ap» 
/ Fhing the chreed thereto, look what parts it cots from the 
 maſuring ſcale at Y,and V. Take thelefler number of parts, 
diſtance of your two ftations, namely from EcoM, and add 
three cyphers cochat meaſure, This laſt number muſt (in this 
kind of work) be divided alwayes, by the fore-aoted diffe= 
rence: and the quotient will give the Alcicude of F 


. hoveG. | 
| le. Let the firſt obſervation cut off 39; gr.in the equal 
limbe. The ſecond 56; gr. Count the firſt ark from D co Y:che 
threed there laid gives 1250 in the meaſuring Scale. The ” 
cond . 


a. 


cond ſo ceunted from Lto V, gives 667. The difference of 

theſe two, is583. Let the diſtance of che ſtations meaſared 
from Eto M, be 51 feet. This number, wich ebree cyphers - 
added. is 5160000. Which divided by 583 (the former diffe- 
rence) gives in thequortient 8859 or 88 4 feet for the height 

GF. AndifG Hbes5 foot more; The whole height HF will be 

t feet. < | : 

& Notethan in theſe menſurations, chep »int G is ſuppo« 
ſed to ſtand iathe ſamelevell with the corner of your 
Quadrant D and L. So thatGH, DE, LM, are all of 
one height. And note too, that the two ſtationary 
points areE and M, namely choſe which ace juſt under 
the corners Dand L._ 
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T be uſe of the Canon, 


THis Canovwhathlikeaſeas Tables of right Sines and 
T angents (et forth by ochers, but the praiſe ſomewhat 
more os. For keeping cheir rules, and working by theſe 
Tables,you may uſe addition inſtead of their multiplication, 
and ſubftraftion in ſtead of their diviſion, and ſo reſolve 
all ſpbzcicall criangles wichout the help of Secants or verſed 
vnes. 
F If any defire the like of right-lined Triangles, he may ad- 
joyn the Logarithmes of my old Collegue and worthy friend 
Mr. Hearie Briggs. For both proceed from the ſame ground, 
and fo require the ſame manner of works; as I often ſhew in 
wy publique Le&ures at Greſham Colledge: wherelreft. 


Friend to all that ave fludioas 
of Mathematical praBiſe, 
E.G. 


THE 


GENERALL USE 


OF THE 
G6 ANON AND TABLE 
of Logarithmes. 


J Ogarithmetique, is a Logicall kinge of 
Arichmetique, or artiticiall uſe of name 
bers invented for the eale of the calcy- 
lation wherein each number is fitted 
with an Artificial), and theſe artificiall 
numbers (6 ordered,that what is produs» 
[ E227 ced by multiplication of naturall nut» 
—_rE=Rez bers,theſamemay be cffeted by the ad- 
dition of thefc their artificial: numbers; what they perform 
by divifio1, the ſame is here: done. by ſubtraQion : and ts 
-thebardeſt parc of calculation avoided by an cafie proſtha= 
opt erelis- - 
c * Ailthis (hali be made plane by applying that to theſe Ar- 
- theiaÞpumbers, which I have ſet down before for the uſe 
00h My jnes of numbers ſfinesand Tangents in the uſe 
nof.theSe&or anjd Crofleftaff. Wherein the Reader is to ob- 
[erve chat, what is to be wrought:-by-round nambers only, is 


| \Þclt done by 44. Brigges his Logarithmes , but the allconomi- 
Aaaa call 
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£7927” 1 The general uſe of the firmall Canon 


call part concerning ackes and apgles,by ___ Canon of Arti. 
ficiall fines and Tangents. 


CHAP. I. 


Concerning the ofeof the-lae of XC nmbers, T fet 
down ten generall Propoſitions m the uſe of 
the Croſſeftaff. p. 18- and theſe may bee 
applied tothe table of Logarithmes. 


PROP. I. 


To multiply one rumber ty-anatber. 


T. His is the VI. Propofition of the ten : but I begin with 
TL theeaſieſt, addetheLogariihme of thenwlripticacor uo 
.the Logarichme of the multiplied, the ſumme of both ſhallbe 
.the Logatithme of che-pradu@. 
As when we mukiply 25 by 3othe produtis 
'ſohereadde the Logarithme of 25 viz. 1397. 94601 
toithe:Logarithmeef 30 __ 1477. 12125 
rhe famme of bethiwill be 2875,06#46 
Ard this'is thelogarichme of 750 
In lice manner, ifwemulciply 10 by 10..the-prod. is ' 160, 
if yoo, by 1otheproduttis 1000 = Fothere 
The logarichme of +0 -being 100000000 
the Logarithme of 1 __ fhall be 2000,00000 
. 3000.00000 
" —_ . 400000000 
'F0GOGO $000.00000 
» Anti fo forward: All imvermetliate numbers which have 
' intermediate Logarithmes. Fa 


w—_ — > = «a @ 2.942.090 T7 
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auch ableaf Logeniobumer. 


tj. | - Ewemuleiply 10s by:10 the produtisro roofro2 by 


 zothe produt is 1020: 

The Logarichme of:10: viz. _— 
added co the Log, of 1031 - 200432137 
gives the Log. of 1010 3004-32137 

 Theſame:Logaricthme of 19 100600000 
added'to the Logarichmeof 102 2008:60017 

ves che Logarithme of 1020. 300$.60017 
The diffs ence being only in thefirſt figure, and.that is al- 


wayes:Ielle by-one then the number of places, in che number 
give As-when we fiad che Logarithme: cobe- 2008. 60017 
tlie firſt figure. 23.i2- charaeritticall,, i.. the: Index (hewing 
that the whole number 102 belonging to this Logarichme, 
onfiſt.ofichree places. It the Logarithme had. been 1008, 
@#17,thewhole number muſt have been 10, >confiſting of 
wo places and. chereti.a fraftion of y;. 
Il the Logarichme-were- 0008, 60017. the nam» 
anging toir,wou'd:be, 1. 02. 1.1and > And this is 
of the rea{onvrwhy che diff-rences were- omitted in the 
rundred Logarichmes. All thoſe Logarichmes may be 
found atterwards under alarger Index. 

Againe, if we multiply 201. by 5, theproduQis 1005: (0 
here: if we addathe Logarichme- of 5, unto the Logarichme 
ef 201, the ſummeof beth, ſhall bethe Logarighme of xoo5 

d che ſumme.of che Logarichmes of 5 and 203 fhall be the 

arittime of 1025. Thus the moſt.part of the cable may 
becontinned beyond 1000, 


P-m ©. Þ, 26 
To #'ruide 0ne-mumbes by awother. 
\Sabtrat the Logazithimeofithe-Diviſor out of che- Loga- 


 'thbmz of 2be Dividench che-Remainder , ſtiall be che Loga- 


rithme of the Quotient. 
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(ubtra&che Logarithme of: of 25 - * 1397 94001 
There remaines the Logarithime of 30. 147712125 | 


In like manner when wedivide 11: by 4 the quotient _ | 


ſo here the Logarithme of 4 viz; . © 0602:05999 © 
raken from the Logarithme of - 11 1041-39269 
leaves the Logarithmeof 25 043 9.33270 


wherefore, if it wererequired to finde the Logarithme of a 
whole number with a fra&ion annexed(as one 2:) we might 


ficſt reduce itintoan improper fraQion of 7 (or rather of 5) | 


and then ſubtrat& as before. | | ; 
Ific were required to find the Logarithme of a fingle frs 
Rion, as of &,, we may ſubtra& as before: But this fraQtion 


being lefle then 4 ,the [ozarithme muſt be lefſe theno. an. 


therefore noted with === 2 defe&tive figne. | 
So the Logarithme of Þ or 2} isſ« _ 0439.33290 
and the Logarithme of + "_ 0439-33270 


Aswhen we divide 750 by 25 the quotient is 30:ſokeng 
from the Logarithme of 550 vis: 2875.06126 Þ; 
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PROP, 3. = | 


x 


To find the ſquare rot of 4 number. 


Half the Logarithme of the numbergivenis the full Logs 
richme of the ſquare Root. , "_ 


So the Logarichmeof 144 being 21 $9.36249 


cbe halfethereof is 1079.1$124 
the Logarichme of 12: andſucftisthe ſquare Roo of 144. 
Then by converfion having exeratcd the ſquare Root, 
we may ſoon find the Logarittime. - - . 
Az the Logaricthme of 10, coeo being = 1606.00000 
theLogarichme ofthe ſquareR 316227 is 0500.00000 
and forthe Root of that 277827 * : | ©250.00000 


A > on nf PROP., 


» 13 73 


h $a = nd 
:To finde the a, Reot of a OR 


ethird part of the Logarithme of the pumber given 18 

Gul rithme of the Cubique Root. 
Sothe Logarith; of 125; is; -. ,2096. 9100L 
Andy 3- theLogarichme of 5 + . - . ©698.97000 


| 'By the ſame reaſon we may finde the Biquidrate Roote, by 
dividing theLogarithme of the number given by 4: the fo- 
lid Roote, by dividing by 5: and ſoforward. 
{And by converfion, having extraQed the Roote, we may 


ſoon finde the Logarithme, | | 
--As the Logarithmeof 10.000. &c. is no000. 00000 
TheLogar.of the Gub.R.. 21544 0333 33333 
+'TheLogarithme of 100.000, kc. 2000.00000 


, ; y "the Logaricbme of the CubiqueR. 4641. © 0666.66666 


Y Then multiplying theſe ſquare and Cubique Roctes one by 


_ another,we may produce infinite other numbers,and have al 


their Logarich mes- 
PROP, 5: ' 


- Three numbers being given, fo find 4 ; fourth 
_ jos c— : Proportional, 
7 ThisGolden ale the moſtaſefull of all others, may bee 
- Frought ſeverall wayes as it _ by thie example: 
Az 12 unto 24 ſo 4toa fourth number. ' 
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$: ' - Thignnerdll uſpaf' the Canon 
I. The ordinary way in Acithmetcique is by multiplication 
Taftus 2.% 3: and divifion.For ficſt they multig)ywac ſecond into rhe third, 
diviſus. per \. nd then dividethe produ@by'thic firſt number given. Az 
here mulciplying 24by 4, the ProduR is 965, then dividing 
96 by 12 the Quotient wilt be #tife fourth nimber here re- : 
quired. q 
K 
n 


According to-chivway weadde- thie-Logarietunes of che 
ſecond and third, and ſubra&rkeBogarithimes of this fe 
ſo; that wRich remeineth , fitall be che- Logarithine of the 


fourth number requiced. | 
Thus che Logarich. of the fic numb. 12 is 1079.1812g 
the logarithme of cheſecond 24 1380.21424, 
the Logaritlime ofthethird 4... O©60z:05gog, 


tha ammeof the ſecond andthicd Logar, *T58zmu;s NN 
ſubcraR the firſt and there rentaineth 0993, 
And.chus is the Logarichmga of 8. the fourth Progomion all. 


Aſecondway in Arithmertique is by divifion and multi: 
2. plication. For wherezheſecond numberis greater. than,ce 
Quotiens * fipllpbegmay divideche cod byhefirit, and;chco, mujti- 
Gears ply the third by che quotient. * As heredividing 24 by 12 the. 
ia tertium, qpgeont is.2 x themmuitiglying 4 by 2, the. produ&. wil 
Ka | 


| According to this way we takethe Logarichme.afthe Gly 
out of the Logarithme of the ſecond, & then adde the diffe- 
rencetothe Logarithme of the third. So the ſumme of this 
addition ſhall be the Logarithar of the fourth required. 


Thus the Loge. of thefiat Numbs..124ik.. ragg:18125 
the logarithmeof the lecqad.. ”. . 24 1380.21 124 


the difference between the igcreafing 301.02999 

added-to the Logarithmeof) 4 :  O6@z,05999 

gives theLogarithmect 8: ©g0g.o5998 

"VS. 4 A third way in Arichmetique is by divifion and diviſion, 
a, divi- fog where the ſecondmumberis lefle then the firſt, my may . 
. ivide 


no an ©” mM” Y = = 
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| '— world Tt le of Doparithnees. 7 
tividere firſt by the ſecond., *and thewagaine:.diviBe the 
thied bythe quotient.As beredividing 42 by 4-tbe guotient 
s 3: then dividing 24 by 3. thequotienr is 8. 

According.to this way:wwetake theLoperichme of che! ſ(e- 
cond, cutof the Logarithme of dhe Ari, and then take the 
difference: out ef the Legarithmeot cheabird:'So,thac which 
«aainerirfhall cbethe Logarichme 16f 1the (faurth ,number 


_ 
+hhus:the:Logar- of theffirftmunmb.. 12 is 1079-18125 - 


the logarith me of che tecent! \& —_. 060:205999 
Thed ference decreafmep, #17-12126 
l ſubſtraRed'fromeheLogarithmeof 24 1380221124 
| \ives the Logarithme of 'S 0903.08999 


j, Theſe two latter waye® by-difference:iofiLogarichmesgmay 
beconfidered as che ſame. Though there be ſome Rcifterence 
dewcen them, yet charmayzatily/bereconcited , if wehave 
mzi-cothe natareef thequeſtion. Forvthree numbers be» 
ip ptven in dire& proportion,-if the'/ſecondibe igreacter then 
tebyſt,cthe fourth #St begreater thenehe-third)It che.ſecond 
telefſe chen:thedirſ, the gamaſbbe eſſe therr the third,,, and 
thier Logarichme accordingly; Butiin-reciprocall: proporti» 
on,confidering the firſt.and ſecond numbers to be of oneide- 
l xnination, weareto obferye the contrary. | 

Uwedefireto:turneſubcraftion into addition ,,yve way 
tchethe Logarithmewhich iis! 2o be fabt1« Red '0ut of -che 
Kediw, and adde the complement. E9rbeſumme of this ad» 
Uhion, the —_— being ſtbrrafted ſhall. give: the required 

me as betore. 


þ "Thus in the laſt example» where ſtberaftingthe difference 

_ outof 1390. 21124-:the Logarichme-of 24 we 
= the remainder to :be: 0903-: a8998. : the Lagarichme - 

TheRadiww being 10000.00000 

; Ihe Logarithme:co be ſubtrafted 04.77.12126 

7 the complement tothe Retl;we in, | *- 2992 _ 674 

his 
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Cant 


This added colic Logarithmeofay | ' a380-4xri 
gives us-a compound Logarichme : - 20903; o8ag8 


 Fromthis, it weſabtra&che Radinethat is, if we cancel| 
the fickt figure torhelefrhand)thereſtis - 0903. 08998 
" the Logarichme of 8. the fourth Proportionall,as before. 
-- By helpe of chis fourth Proporcional we may come ſome 
what neerto finde a Logarithme for a number of 6 placzg.: 
. As if ic wererequired to findea logarichme for: thisnym: 
ber $68624. the cable will affoord us Logarichmes for ; 
tefſer.and a greater number; and then the intermediate thay 
be found by the pare proportionall in this manner. 
_ Here we have the Logarithme of, , $68 |; 29385197; 
andthe Log.of the next following 369 2939.0197} 
75 and the tabular difference. bexween them .*; 566; 


. k 01.30 $253 81001 1475 2 - 

If the Indexbe ficted rothe number of places 

| the Logarichme of. $68900 ſhall be 5938. 5199; 
2.1 -andthe:Logarith. ef | 869000 +. $939. O19 
>: :- che difference being !-'2000 } > !'1i* !- '» $60G 
-'! Thentaking/$68000, oarof;863624' ,(the number giren) 
thethird difference: wilt '/be 624. | And having 'theſe! three 
differences the proportion will hold. "1 


As 3000 « * © _ unto 50005 1 


2 *J0: - 54624 i! 55 une; 31203- the partpro 
| wor paght beadded cotheleflet Logarichme. 2 59355197 
fo1haſt we have! $9g8:B317&1 forthe logatithme x<quire 
In like manner having & togarithme given;we may fiud che 
value of it in a number of fix places. © 5 + ot (nn 
 Asifthe Logardichmegiven-were/: iz +] 3938, 83182 
and it wererequired toftad the number toiwhich. ic :belmg- 
eth © This Logacithteie dveco be found in the, Table;; :bat 


changing the Index and mating ic 2933. 83382 
-- thenextlefler logarichme of 368:7-igmizg38>5 1973 
- and the tabular difference following! | .. $0995 


add the proper diffeganes. ol; 02 3g96m- | 1102 BY 


_ - 
WB 
« 


and Tabh of Logwithwnus; 9 
As the tabular difference 50005 unto 100900 
So the proper difference * 31209 unto 62411 
the part proportionall to be Joyned to the end ofthe former 
number 868 : ſo ſhall we have $5852411. for the value of 
this Logarichme. But the Index of the Logaricthme being 
3. the number required muſt confiſt of 4 places: yiz: $586 and 
the reſt a fra&ion of ZZ. 

This I ſay is ſomewhac neer the truth. For chis number here 

ſed $68624 is the ſquare of 932. 


he true Loga. ofthe Root 932 is 2969-41591 
Thetrue Loga. of the Square $68624 593883182 
PROP.VI 


Three numbers being givento find a fourth in 4 
duplicated Propoſition. 


In queſtions that hold in a duplicated proportion between 
Lines and Swperficies, the Logarithmes for lines given may 
bedoubled , the Logarithmes for lines required may be hal- 
ſed, and chen the work will be the ſame as in the ficlt parc of 
the former Pcopoficion. ; 

Sappoſe, the Diameter being 14, the content of the circle 
7 1543 the Diameter being 23, what may the contenc 


Here the queſtion concerning both lines and ſuperti:ies, 1 
double the Logarichmes of the 2 lines given » and chen work 
at before in chis manner. 


The logarithme of 14 is 1146,12803 
the Jogarithme of 28 1447-15803 
the Came again 1447-15503 
the logaricme of 154 2187.52072 
the ſumme of theſe laft. 5081.$3678 
Subrra& che double of che firit, 22924256096 
there remains the logar. of 616 27 $9.53072 

Bbbb And 


Te) | The geavral aft of the Eau» | 


And fach isthe content of thecicrcle here required, 


Suppole the content of a Circle being 1544 ihe Diameter 
- i was 143 thecontent being 616, what may the dlameter 


Here being one line given, and one line r«quired , I double 
the Logarichme of tbe line given , and tþen wor Ling as be 
fore,the half of the remainder ſhall be che Logarichme sf the 


line required. 
Thus the loga.of 154 is 2187. 52072 
the logarithme of 616 2789.53072 
the logarichme of 14 1146.12803 
theſawe again 1146. 12803 
the ſlummeof theſelaft $08 1.83678 
ſubtraf the Logarithme of the ficik 2187-52072 
the remainder will be 2894- 31606 
the half thereof is 1447-15803 


Thelogarichme of 28. the Diameter required. 


Or according tothe ſecond manner of operation, the dif- | 


ference between the logarithmes of lines given may be dam 
bled 3 the difference between the logarithmes of the content 
given may be halfed,and then the work will be the ſame ayin 
the latter part of the formerpropofition. 

So, in the firſt queſtion, where the Diameters were given 
and the content required. 


The logari:hme of 14 is 11 46. 12803 


the logarithme of 28 1447. 15803 
the difference increafing ZO1. 03000 
the double of this difference | 602- 06000 
added tothe logar. of 154 217.5207! 
gives the logarith. of 616 2789.5807? 


In the ſecond queſtjen, where the content of both he cir 
cles was known, and the Djameter of the one required. 


The | 


_ - evdTabliof Logarithaias. rt 
Thelogarichmeof 1x54, is 2197. $2072 


chelogarichme of 616 2789. 58072 
r i the difference increafing 602.06000 
r the half of this difference | 301.03000 
: added tothe logar. of 14, 1146. 12803 
2 gives the logarith. of 28 1447. 15803 
[7 
PROP 7. 
. Three numbers being givents finde 4 fourth in « 


triplicattd proportion. 


In queſtions concerning proportion between Lines and So» 
kds the logarithmes for lines given may be tripled; che loga- 
mhmes forlines required may be divided into 3 parcs, and 
fhrevthe' work will be che ſame,at inthe ficit way for the rule 
o Three, 


f- WU Suppoſethe Diameter of an Iron bullet, being 4 inches, the 
waight of it was 9 pound, the Diameter being 8 inches, what 


ky chewaight be? | 
\  Thielogarichmieof 4 is  0602.05999 
the logarithme of s 0903.08999 
a the Tripleofti 2709.26997 
.__ the logarithmeof g 0954.24258 
.>:-- theſumme of theſe laſt: 3663-517 
6 ---;  fubtra& che criple of the ficſt logar, 1 $6617997 
- —- - thereremains the logar: of 72 5,222 
- iddſuchis the waightrequired; 859-3325 


7 | Sippoſerhe waight of an Iron buller being 9 pound , the 
07 Diameter was foure inches ; the waight being 72 pound, 
cir That.may the Diameter be, 


Bbbb 2 The 


TheLogarithme of 


the Logarithme of 
the Logarithme of 


the double of this again 


the ſamme of cheſe laſt 
the firſt Log. ſubſtrated there remains. 
the third part thereof is ' 


The gewerall uſt of the Canon 
9 © is 
72 
4 


095 424251 
1557.33250 
0602.05 999 
I 20411998 
3663451247 
2709.26996 
0903-08999 


the Logarithme of 8. and ſuch is the diameter required, 


the triple of this difference 
added to the Logarithme of 


gives the Logarithme of 


8 


9 
72 


thethird part of this difference 


added cotheLogarithmeof 4 


gives the Logarithmeof 8. 


| tr 
Or according to the ſecond manner of operation in therule L 
of three, the difference between the Logarithmes of lines I 
given may be cripled; the difference between the Log fr 
richmes of che ſolidity or weight given may be divided into - 
3 parts. 
Fo in the ficſtqueſtion,” where the diameters were knowne i 
and the weight required. 
The Logarithme of 4 is 
the Logaricme of - 


the difference encreafing 


060205999 
0903.08 gy 


903 09000 
0954-2425 


al 
I 
ir 
3 01.03000 h 
D 
I 
18573321 þ 


- TIntheſecendqueſtion, where the weight was known, and 
the diameter required. | 


The Logarithme of 9 is 
the Logarithme of 71 
the difference increafing - 


095424251 NF 
1857-33350 a 


903. 08999 
301.02999 
O0602.05999 
mmmmnm___—n rn 


0903-08998 


Pro? 


Bu wn 010 » > 


OI OD IW1O = 


and Table of Logarithines. 
PROP. 8. 


Having two numbers given to find a third in continual 
proportion, 4 fourth, a fifth, « fixt anaſo fornard. 


. According tothe ficſt way in the ruſeof three, we may ſub- 
ta& the Logarichme of che ficſtnumber , out of double the 
logarichme of the ſecond, the remainder ſhall be the Loga- 

. tthmeof che third, then ſubtraQing the Logarichme of the 
frfinumber again out of the Logarichmes of the ſecond and 
third, that is, out of criple the Logarichme of theſ:cond, the 
rwainder ſhall be the Logarithme of the fourth, and ſo for- 
ward. 

As, when we ſay : As 1unto 2, ſo2unto 4: and 4unto $; 
and Supto 36 &c. becauſe the firſt numberis 1, there is no 
need of divifion, but one'y co multiply 2 the ſecond numbec 
into it ſelf, che produQ gives the third proportionall num- 
dwto be 4: theo multiplying 2 into 4, the fourth proportio- 
nll is 8: and multiplying 2 ivto8 the fifth proportionall is 
15and ſo forward. So here the Logarithmeef the firſt num» 
der being 1. there is no need of ſubcraQion. 

But, finding the Logarithme of 2 to be. 0301. 02999 

the double gives the Logarichme of z ©0602. 35999 

the triple gives the Logarichme of 8 0903. 08999 

the quadruple gives the Log. of 16 1204-11993 
and (o forward in infinitwm- 

In all other numbers that begin not with 1 , we may ei- 
ther ſubtra&che Logarichme of the ficſt vuumber, or adde the 
complement untothe Radiws. 
 Aswhen thenumbers given are rooand 108. 

The Logarithme of the firſt N. xoc. is 2000. 00000 

the Logarithme of the ſecond 108 2033-42276 

the double of this ſecond Logarithme. 4066. 84752 

ſubtra& the firſt [,og., thereremains 2066. $4752 
the Eogarichme of 116 <4the third proportional. 

; Bbbb 3 Again 


- 


"$ - The general uſt of the Canon 


<> 


Again ſubtra@the kirit Logarithme 2000.00000 

out of che ſ\ummeof che Logartthmes of 2033442376 

the ſecond N.and thechird Proportionall 2066,84752 

there remains the Logarithme 2099.27128 

anſwering unto 125 #7 the fourth numberin eontignall prox 
portion. 

According tothe ſecond manner of operation we may take 


the difference berween the Logarizthmes of the two numbers 


given; ſo, this difference appſied ©o the Logarithme of the 


fecond number ſhall givethe Logarichare of the third Pros 


portionall: the fame difference applied co che Logaricthmed 
thethird Propertionall , ſhall give che Logarichme of che 
fourth Proportionall.Oc the double of chris diffcrence a 
ed co the Logarichme of the firſt number ſhall give the 
richme of che chird Proportionall:the treble of chis difference 
applyed to the Logarichme of che firffnumber ſhall give the 
Logarithme of che fourth proportionall:and fo-forward. 
Azin the former example, wherecherwo numbers giva 
were 200 and 108 ſuppoſe 100 increafing to 108 and: (6 
yeerly in continuall progortion-after the rate of 8 in 100,08d 
thaticowererequired co find wiurerhir 100 would grow unte 
by che end of 20yeers : 
The Logarichme of the ficſtnumb: 1003s 2000. 00006 
the Logarichme of theſecond 108 2033+ 42376 
the yearly difference increafing 33-42376 
added cothe Loga- of.che ſecond gives. 2066. $2752 
the Logarichme of 126 5 forthie chicd Peoportibnall ; And 
ſuch is the encreaſe at theend of chefecond'yrar. 

Againe the ſame: yeerly difference adiled' ro the Loga« 
richme of the thicd Proportionall gives 2100: 25128 
the Logarithme of 12557: for the fourth Proportionall and 
che encreaſe at tlie end ot chechird year: and'fo the reſt. 

Bar becauſe the queſtion is onely of che 20 yeare without 
knowing the reft, we may multiply che former yeerly ditfe. 


kt _33-42376 
by 20: ſothe difference of 20 year 668. 49520 
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and Table of Logavithmes. Is: 


2dded to the Log. of the firs num: 100 viz. 2000. 00006 

gives the Logarirhme of 466.9225 2668. 47520 
that is 4864). 1 5. 31 4.fere. the fyurmethat 1c0 would grow 
nee þy the end ef 20 years at the rate propoſed. 


Inlike manner if the two firſt numbers given were 108 and 
61 Spppaſe 180 decreafing tothe 100 and fo yeerly in con» 
tpypll proportion and that it were required to find what 100 

pguld decreaſe unto by the end of 20 years: Or (which is 
if one)luppole 100 to be due 20 yeare hence,and that itwere 
rqaired co find the worth thereof in ready money according 
wthe former rate. The Log. of the ficſt N rc$ is 2033,42 376 
the Logarithme of che ſecond 100 2000. 00000 
the difference for the year decreafing 33-42376 
taken from the Logarichm: of 100 leaves 1964.57624 
the Logarichme of g2 $223 for tbe ghird proportional and ſuch 
ihe proſent worth et 190 |. due at the gears end. | 
The ſame difference ſybrraed once mare leaves 1933 
$248 the Logarichme of $85 734 for the fourth propercionall, 
and he yon worth of 1001. dueat theend ofcwo years. 

The ſame difference multiplyed by 20 makes 668 47520 

and ſubtraQed from the Log. of 100 leaves 1331.52489 
tLogarichme of 21 4548 char is 214. 95. 1 4 and fuchis the 
(lene worth of 100 1. due at the end of 20 years: So thar 

Preſent worth being taken forth of the 1001. pcincipall 
bbs thereremaing78 }. 10119. for thepreſent worth of the 
axtinued gain that may be made either of the loane of 190! 
od 3 /.annuity after 20 years according to the former rate. 

K a leaſe of reol. by the year or ſach other yeerly pen- 

a were @ continue for 20 years, and that ic were required 
bhgd the worth therepfin ready money. This might be 

and upon the ſame ground of continuall proportion, and 
that ſeverall wayes. 

I Ic appeareth before, that 1007. duc at the years end. 


'Bworth buc 92 59* in ready money: Ifit be duecat the end. 


of2years, the preſent worth is $5 1.733 : then adding theſe 


Wotogether , wehave 178 þ. 326 forthe preſent worth of 
100} 
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100. pound Annuity for 2. yeers and ſo forward. 
2 Icappeareth beforethat the preſent worth of g paund 
annuity for 20 yeers is 78 pound 5452:and chen it follows by 
proportion. 


As an Annuity of $1.0000 0903. 08999 


is co the worth thereof 78.5452 1895. 11953 

_992-02954 
So an Annuity of 100. 0000 2000. 00000 
unto the worth of it 9$1. 8147 2992. 02954 


3 Asthe yeerly loaneof 100 pound includes an Annuity 
of 8. pound , Sothere is a ſumme equivalent to 109 pound 
Annuicy. 

This ſumme equivalent may be diminiſhed according to 
the number of yeers as before: to the complement of the ſum 
diminiſhed co the ſumme equivalent fhall be the preſen 
worth of the Annuity. 


As theyeerly gaineof 8 0903, 08999 


co the loane of 00 2000. ©0000 

So an Annuity of 100 2000.00600 

co the {ſum equivalent 1250 - 3096. 91001 

Then for diminiſhing of this ſam equivalent we may 
multiply che former yeerly diffecence 33-42370 
by 20. (o thedifference for 20 yeers 668. 47520 
taken fromthe logarichme of 1250 3096. 91601 
there remains the logar. of 268. 1853 2428.43481 


whoſe complement to 1250. is 981. $147. that is 981./: 165 
3.4. eb.and fuch is the przſent worth of 100. pound Annuity 
for 20. yeers, at the rate of 8. in 100 fer annum. 
er like reaſon hoſdeth for any other rate and cime pro- 
poſed. 


PROP. 


4; A AE LOCO” T9 © 


=: 


and table of Logatims, 
Prop. g. 


Having two extreme numbers given to finde a meaz 
Proportional! berween them. 


Adde the logarithmes of theewo extreme numbers ; 
one halfe of the lamme ſhall be the logarichme of rs __ 
Proportional. | | 
As if che two extreme numbers given were $, and 32. 


The logarithme of 8 is 0903.08 

Thelogarichme of 32 I _ ; « —_ 
The ſumme of both logarichmes 2408.23997 
The halfe of this ſumme is 1204.11998 


the logarichmes of 16: andſuch is the meane proportionall 
here requiced. 


PROP, 10. 


Having two extreme numbers giuen to find two mean 
| Proportional between them. 


In the ordinary way of Arechmetique we commonly mul- 
tiply the greater excreme by the ſquare of the lefler, ſo the 
Capiqueroot of the Produd thall be the Jeffer meane : then 
\ma{ciplying cheleſſer meane into he greater extreme, the 
ace root of the Produ&thall be the greater Afeane Pro- 
Jactionsf. Orc having found thelefler mean, we may finde 
theother-mean by continual proportion. 

*: Accordingly we tmay adde thelogarichme of the greater 
extreme todouble the logatichme.of.che lefler , ſo the.chird 
art of cheſumrme ſhall beaheloganictmeiant theleflcr mean. 

a adding thislogasitbmezotgbelefier,mean,.to the laga= 
ritbme of the greater extreme , _ half of the — 

14 ccc a 


as SB” 
- 
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ſhall be the logarithme of the greater meane Proportional. 


As if the two extreme numbers given were 8, and 29 
Addetothelogarithmeof 3 viz. 0903.c8999 


the ſame again C903.08999 
andthe logaiithme of 27 _1431-36376 
The ſumme of theſe will be 3237-5 4374 
. - the third part of this ſummeis 4079-18125 


the logarichme of 12. the leſſer meane Proportional. 
Addetothis logar. of thelefſer meane 1079.18123 


the logar of the greater extreme _1431,36736 
The ſunmme of doth logar. will be 2510.5.4501 
 -andthehalfof this ſummeis 1255.27250 


the logarichme of 18. the greater of the two meane Propors 
tionallshere required. 


Or according tothe ſecond manner of operation in the 
Rule of Three, (which is the worke that I alwaics followin 
the line of numbers) we may take the difference between the 
logarithmes of the two extreme numbers, and divide this 
difference into three-equall parts, ſo theſumme of the le- 
garichmes of the leffer extreme and { part fall be the Iogs 
rithme of the Jefſer Meane: the ſumme of this logarithne - 
of the Icfler meane and the ſame? part ſhall be the logarithn 
of the Greater meane Proportionall. 


So the logarithmeof 3 being . 0903: 08999 


the Logarithme of 27 1431. 36376 
the difference between them 578.27377 
The third part of this difference 176.09126 


addded tothe Logarithme of 8. gives 1079.18125 
-the Logarithme of 12 the /efſer Meane. 
\' The ſame added to the Logarithme of 12. gives 1255: 
27251. the Logarithme of 18. the Greater Meane Proper 


And 


#0nall. 


and. Table of Logarithmes; 19 
? Andby the ſame reaſon, ific were required to find three 
Meane Proportionals, we might divide the former difference 
into 4- equall parts, and ſo forward. 

Asific were required .te finde the ficſt of eleven A/cane 
Proportional; between 100 and 108. © Or (which is all - one 
ſuppoſe 100 poand increafling in continuall proportion, ſoas 
that by the end of 12. monethsit eameto 108 pound , and 
that ic were required to find what this 100 pound did grow 
unto by the end of the fictt moneth. | | 


The Legaritkhme of the firſt extreme 100 is 20 00:00000 


the Logarithme of the ſecond 108 2033.42376 
the yearly difference between them 33- 42376 
- The 12 part or monethly difference 2.78531 
added to the Logarichme of 100 gives 2002.78531 


the logarichme of 100. 643403011 the fictt of eleven meae 


+ 6p ng nd the growth required. 

Then having theſeewo, 100. and 100. 643403011. toge=- 
ther with 108, thelaft of the twelve, the other intermediate 
may be found by continuall proportion as before. 


- This Explication of my ten former Propoſuions may ſerve 
for the frugall uſe of the Table of Logarithmes. Thoſe 
which require more may have recourſe to that Treatiſe 
which is mentioned before in the front of the Table. 
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CHAP. II. 


Oncerning the uſe of the Lines of Sines and T arigents 
[ſhewed in generall; pag: 21. how they might lerve 
for the reſolution of all Sphzricall criangles. More 
particularly in the uſe of my Seffor (pag. 74) I re 
duced ctiat which is commonly required in a ſphecicall tris 
angleunto 28 caſes. And fortheſechey may be all reſolved 
by my Tables of Arcificiall Sines and Tangents without the 
help of Secants or Verſed Sines. 

This manner of the work will be alwaics ſuch as in the 
ordinary rule of Three. For,. here we have._three: numbert 
given whereby to find a fourth Proportionall. And therefore 
either we may adde che Logarithmes of the ſecond and 
third, and ſubtra@ the Logarithme of the firſt: 

Oc we may take the difference between the Logarithmes 
of the firſt and ſecondzand apply that difference toche Loga+ 
rithifie of the third. | 

The firſt of theſe wayes is beſt for the reſolution of right 
argled Triangles where the Radio, viz. 1000. 0000 is one 
of the threenumbers given: Bur the ſecond way, by differen: 
ces is more convenient for thereſt. 


The like manner of worke may be obſerved when we are 
te conſider the Sines or Tangents of Degrees, Minutes, and 
Seconds. For the Seconds, not exprefſcd in the Canon, will 
be found by the part proportionaltl: as I will ſhow in the ex- 
awples following. 


x Ific were required to finde the Sine of + 32, 15), 
Iſhoald find. " ug. 92 3 


The 


CT IS 


- 


| and Tableof Logaritimes, on 2t 


The Sine of 51 deg. 32 m4. is 9893.7452 
the Sine of 51 deg. 33 1m: __ 9893.$455 
the Tabular diff-rence berween them 1093 


Then t he difference between 32m. and 33 m. being 60 Se- 
conds, the Proportion will hold, 
Az 60 Seconds unto 1003 
$015. ufito 251 thepart propor® 


 tionall to be added unto the Sine 51 deg. 32 m. 


So fhall we have 9893. 7703+ forthe fincof51 deg. 32. me 
15 ſeconds; | | 


2 fic were required to finde the Degrees, Minutes, and 


ſconds belonging to this Tangent 10099.9782 
Ihould finde by the Canon that chis is ſomewhat more then 
the Tangent of 51 deg+ 32 94. 10099.9134 
Ile then the tangenr of 51 deg. 33 mz. 10100.1728 
The Tabular difference between theſe is 2594 
and the preper difference is 6.8 


ttweeh the lefſer of theſe Tangenrs, and che Tangent piyen 
thetefor 8. | 
' As 2594 unto 60 Seconds, 
So 648 unto 15  Andfſo, Ifind this 
obethe Tangent of 51 dey. 32 mi. 15 ſeconds, 


3 Icwere required to finde the Sige belonging to this 
Taipent 10099. 9782 , Ifhould finde the arke ro be ſome 
thixmorerhen 51 gr. 32 m. and the fine correfpondent ſome 
Wiat rore then 9893. 7452-then taking out the differences 
a before, I find that © 

Azsthe Tabular difference of Tange. 2594 3413.9700 
"K eorhe proper difference, "' - 648 - '2811.9750 
Pot arC: | ; : '@! ) 502 3950 

So the Tabular difference ofSines 1003. 3001.3009 

tothe part Proportionall = 25z 2308.9959 
This part propote. added anco the former Sine, 5893.7452 

RET I En © Cece z gives 
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Z ives 9893 5703 for the figne required +1 
8 6 Theſe ded tr 0 conlidered ron rothe'23 *Caſes before I 
A mentione:}, wherein | ſet down a Canon and an Example for 
each caſe, and theſe forthe moſt parc the ſame which I uſed 
before. 

Thoſe which have no furcher uſe, but of degrees and mi« 
nutes may take that fine or Tangent, which they fiad to be 
next in the Canon, and negle@ the ſeconds. 


30 


IN 4 RECTANGLE TRIANGLE 


1 7 o finde a fide by knowing the Baſe and the 
Angle oppoſite to the inquired ſia: 


As in the ReQangle triangle C4 
ACB wherein A ſtands for the 
zquino@iall point; A B, an arke 
of the E:liptique repreſenting 
the Longicude of -the Sunne.in 
the begirningofs; B C anarke 
of the Dzclination from the Sun 
; tothexquatorzand ACanarke Z uy 
© - of the Equator repreſenting the right aſcenſion of the ſunne &ſ | 
| in B: Knowingthe Baſe A Bto be 30gr.. and the Angle B 
A | 23 gr. 31 m. 30”. if jt were T0 find the fide F 


| MS 
As the Radine the fine of 90, 0.0, 10000.0000 
is to.the fine of the Baſe i £ 30» ©. 0 . 9698, 9700 


So the fineof the oppoſite angle. 23.31.30. 9601-1352 
tothe fine of the fide required 11.30.43. 19300-1052 


And ſo writing the fine g6or 1352 ina paper by it ſelfe | , 
and holding ic tothe fine of the Baſe in the Canon i gr. 2.34: bc 
5- and fo forward, it would be nolong worke to wrice the | 
ſumme |. - 


and Tat le of Logarithmes, 23 


ore | (wwe in acolumneby it ſe}f,ar d ſo find the Declination for 
for each degree and Minute of the Ecliptique, 

WE --:- ; | 

4 2. Ts finde a fide by knowing the Baſe and 


be 12.121 brother fide. 


As in the R.Qtangle AC BhavirgA B3ogr.ard BC 11 yr 
E 9m. 437 S, to find thefide AC. 


As the cofine of the fide given 11. 30. 43. 5991. 1740 


is to the Radim JC. O. O. 1 COOO.©OCOO 
$ the coſine of the Baſe 30. © ©, 9937. 5306 


to the ccfine of the fide required. 27. 53+ 43+ 9946 3566 


3+ To finde a fide by knoning the tho 
oblique Angles. 
As in the Re&angle AC B, having CAB forthe firſt An- 


fe23 gr. 31-1. 30S and ABC for the ſecond 69 or. Sa 
» [| jSco find thefide AC. 


' Az the fine of the next angle 23-31-30, © - 9601, 1352 
de is cothe,Ragims ABA 90+0.,0... A 3 0000.0000 


Þ the coſine of the oppolite argle 69. 20, 35. "9547. 4918 
00 tothe cofine of the fiderequired.' 25.53. 43. 9946.3556 


9 17 Te fete the:B 48 1.41 hoon? 

57 4" To finde the S E by knowing 

hs both the ſides. | | 
lie | 4einthe Reftangle ACE, having AC 27 53 m 43" and 


Ha ©C, 11 gr- 30 m. 43 S. to find the Baſe A B, 


IMeE | - 
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As the Radime. 90- 0.0. __10000,0008 
tothe cofine oftheone fide 27.5343: 9946-3566 
So the coſine of the other fide, 11.30.43. 9991-1640 
to the cofine of the Baſe 3O. 0. 0, 9937-5306 


5s To finde the B ASE by knowing one 
ſtat and the Angle oppoſite 
zo that ſide. 


As if inthe formertriangle ACB wedraw BD an Arky 
of rhe Horizon for the Laticude of 51 gr-30 m. reputing the 
amplitude of the Sunnes riling from the Exft , we ſhall hay , 
ewo Triangles more, onerefFangleBCD, the other obli- 
quadrangled A BD. Ando, inthe ReQzagle DCB, he 
vingBC 11 gr. 30m. 43s. and BDC 38 gr. 30 m. if ic wer: 


required, to fndyhe Baſe D B, 
As the fine of the Angle - 38 30 0 97 94+ 14g 
tothe fine of the fide Ii 30 43 9300. 1052 
 Spis the Radius | 90 0 © 10000. 0000 


to the fine of the baſe 13 41 56 "$595: 956 bi 


6 To frnde an Augle by knowing the other || 
 obligne angle, and the fide oppoſite | 
= tothe angle required. ? 


As inthe Reftangle AC B, having BAC. 23 gr. 31% by 
30 7.and A\C 27gr. 53-45 4cofind the angle A BC. 


Asthe Radium 900 © 1 0000, 0000 
Cram err 


co:the.fine of the anglegiven 23 31:30 
Sothe cofine of theifide 27 53.48 
tO the coſine of the angle required 69 20 35 


/ 


and Table of Logertthm. T 
To finde 41 leby knowln the other 
os. ——_ and th ſide 


oppofite to the angle 
£ 1Ven 0 


As in theReQangleA CBhaving BAC 23 gr. 31 m. 30/ 
and BC 11 4. 30 ms. 43. tofind the angle A BC. 


As the coſine of the ſtde I1 3043 9991-1740 

tothe cofine of the angle given 23 31 30 9962. 3153 
Þ is the Radim 90 © © 10000, 0000 
: tO the fine of the angle required 69 20 35 997 1.1413 


$8 Tofind ar angleby knowing the Baſe, 
and the fide eppoſite to the 


angle required. 


Asin the ReQangle BCD having BD 18gr.41 m.56 ſand 
BC 11 gr. 30m. 43/.tofind theangleBDC. 


dsthe fine of the Baſe 18 4156 9505. 0000 
is cothe Radims 9vOOo 10006.0000 
Þ the fine of the oppotfite fide 1x 3o 43 9300.1052 
tothe fineof the angle . 33.300 | 9794-1495 


Theſe eight Propofitions have been wrought by fines a- 
lone; the eight following require joint help of Tangents. 


Dd dd 


- 
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7 g To find a fideby knowing the other 
ſicie, and the angle oppofite 8 
to the fide requi 
'red. 
As in the Re&angle A CB, having A C 27 gr. 53m. 43 ſe 
and BA © 23 gr. 31 m.30J. tO find thefide B C. | 
As the Radius 90 ©.0 10000. 0000 | 


tothe fine of the fide given 27 5343 9670.11 
So the Tangent of the oppoſite angle 23 31 30 9639.81 % L 


to the Tangent of he fide required. 1130 4319308, 9311 


# FI 


to To fird aſide by knowing the ether ſide, 
ad the anelewext the 
ſide required. 


As inthe re&angle BCD having BC 11 gr. 30m, 43. and 


BDC 38 gr. 30 m.to find DC. 

| 

As the Tangent of the angle Who 0. cede 

tothe Tangent of the fidegiven 11 30 47 9308. gz11 J 
So the Radins 5 20000000 


ro the fine of the fide required. 145011 5408, 3259 


11 To finds fide by knowing the Baſe and 
the Angie next Te [de 
required, 


. 
—_— "7" 


Asin the reftangle AC B, having A B30gr, om. and BAC 
g7-31 #9. 30 ſto find the fide AC, 30gr. 0m.and BAC 23 


As 


d 


2 
1 
0 
9 
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Avithe Radius *. => 1 » +. g0'0'! 100054 0000 
co the cofine of the angle 2331 30 © 99653153 
So the tangent of che Baſe 30900 - 9761,4393 


co the Tang. of the fiderequired 275343 19723,75 46 


12 Tofindthe Baſe by knowing both the 
oblique Angles. 


As in the re&angle ACB, having BAC 2} gr. 31 m. 30 and 
ABC 69gr. 20 m. 35 [: to find the Baſe A B. f 30/90 


As the Tangent of the one angle 233130 9638.8199 
to the cotangent of the other 69 2035 , 9576 3505 
So the Radins 90 © © 10000,0000 
to the cofine of the baſe 30 0 0 9937,5306 


13 Tofind the Baſe, by knowin one of the ſides, 
ard the Angle next that ſide, 


Azin thereftangle A C B, having AC 27 gr. 53m. 43/7 and 
BAC, 23 gr. 31m. 30 ſ.tofind the Baſe A B, be” 


Az thecofine of the angle 233130 9962, 3152 
istothe Radic 90 0 10000, 0000 
Sorhe Tangent of the fide 275343 972357547 


'"tothetangent of the baſe 3oo © 9761, 4394 
1 4 To find an Angle by knoning both | 
the ſides, 


Asin there&angle A C B, havingA C 27 gr. 53 m- 43 /. and 
BC 31 gr. 30m 43/: tofind theangle A BC, 
Dddd 2 As 
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. As the fine of the next fide 713043 ' 9300, 1032 
is eo the Roadie 90 © O 10000, 0090 


So the tangent of the oppoſite fide27 53 43 9723,7547 
to the tangent of theangle ' 69 20 35 _ 104236496 


5 To finde an angle by knowing the Baſe 
and the fidenext the angle required, 4 


As in the reQangleBC D, having BD 18 gr. 41 ». 567. and 
BC11gr.30m-43/tofindtheangleBDC, SO 


As the tangent of the Baſe 13 41 56 9529,506z 
to the tangent of the fide 11 30 43 93 08, 9311 
So, is the Radims 90 0 © TNae00,0000 
to the cofine of the angle 53 0 46 977944248 


16 To finde an angle by knowing the Baſe 
and the other oblique angie. 


As in the reQangle A CB, having the Baſe AB3ogr. and 
B AC 23gr.31m.30ſ. tofind the angleBAC. 


Asthe coline of the Baſe 3000 9937,0000 
isto the Radins 90 © © I0000,0000 . 


So the cotangent of the angle given 233130 1036, 1801 
to the tangent of the angle required 69 2035 104236495 


Theſe 16 caſes areall thatcan fall out in a Re&angle crian- 
gle thule which follow do hold, 


EE Bo wo — 


and Tabie of Logarithmes. 


[n any Spharicall Triangle 
whatſoever. 


17. To fmt & ſide oppoſite to an angle given by 
knowing one fide and two angles, the one, 


oppoſite to the ſide giuen, the other, 
to the ſide required. 


Ain the eriangle ABD, having AB3ogr. BDC 38 gr. 30 
and BAD 23gr. 31 m. 30/.tofind the fide BD,which here 
rpreſenteth the amplitude. 


ks the fine of che next angle 33 30 0 9794, 1495 
to the fine of his oppofite fide 30 0 © 9698,9700 

| DH 179) 

Hthe line of the oppoſite angle 23 3130 960131252 
to the fine of the fide required 18 4156 950559557 


Orchanging the fire of thecwo middletermes 


Ahithe fine of the next Angle 35 300 97941495 
to the fine of the oppofice Angle 2331309 601,1352 

I 93 '0143 

Þ the fine of the fide given 30 © © 9698, 9500 
tothe fine of the fide required 1384156 9505, 9557 


And ſo writing this difference 193.0143 in a paper by is 
ſelf, and holding iro the fine of che fide in the Canon x, gre 
2,3, 4» 5 and ſoferward, it would benolong worke to ſub. 
tat and wrire the remainder ina columnby ir ſelf, and fo 
- the amplicade for cach degree and minute of the Eclipe 

ue. 


Dddd3 Oc 
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Oc, in ſteed of ſubtraQing this difference , we might fir 
eake the ſare out of the Radix, and then adde the comple. 
ment as 1 ſhewed before, in the generall explication of the 
Rule of Three. & 

| 


18. Tofinde ans Angle oppoſite $24 ſide given by know- || | 
ing one angle aud two ſides, the one oppoſite to the ay. 
gle gruven,the o1ber 19 the angle required, | 


Asinthe triangle ZP S repre- 
ſenting the Zenith,Polezand S1n:; 
where A P is the complement 
of the Latitude, P'S, che comple» 
ment of the declinacioa, ZSthe 
complement of the Sunnes alti- 


tude, PZS, the Azimuth; | tt 
ZAP SS, the houre of the day $F 975 
from the Meridian and P SZ he 13, 


angle of the Suns Poficion in regard of the Pole and Zenith - 
havingP ZS, 130 gr. 3 m. 11//PSyogr.and ZS 40 gr-tofind If fin 
the angleZPS. nal 
As the ſine of the next fide 70 00 9972,985! I tha 

is tothe fine of his oppclite angle 1 303 11 9883,915; If the 
So the fine of the oppoſite fide 4000 g8c8,0075 


to the fine of the angle required 313426 g718,9970 F 
ad 
19 To find an Angls ty know: ag the wor! 


thre: ſits, 


Az in the triangle ZPS, having Z 238 gr. 30m. PS 70 greand 
ZS40 gr,to fitd the angle ZP S,fubrending che Baic AS. 


As 


ficſt 


les 


the 


a 


ith 
ind 


$51 
LY 
76 
675 
979 


_ 


6 
ny 
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Azthe Retangle contained under the fines of the fides 
isto theſquare of the Radius: 
Gthe R<Cangle contained under the fines of the halfe- 
ſumme of the three ſides, 2nd the difference betweene 
this half-Cumme and the Baſe, 
to the Square of the cofineof halfe the angle required. 


The Baſe ſubtended is 40 Gr. o Mz. 

The two fides including 36. 20; - 
the Angle 70. ©) 

The ſumme of the 3 ſides I45 39 


The halfe-ſumme of theſe 3+ Tg. 1% 
The diff. between this & the Baſe 34. 15 


Here for the Square of the Radirs we take 20000. 0000 
this we adde 9983. 3805 the fine of 34 gr. 15 m. and 
9750- 3579+ the fine of 34 gr. 15 m. which make 39733 

8 


13% 

Then for the Re&ang!e of the fides we adde 9754. 1495 the 
neof 38 gr. 30 m. and 9972. 9858, the fineof 70 gr. which 
make 19767 1353. This we take out of 39733. 7334 and 
there remaines for the Logarithme of the ſquare 19966.6031, 
thehaife thereof 9983. 3015 we finde to be the coline of 
7's 13”. And ſo, the whole Angle required is 31. 34 


Or for ſuch numbers as are to be ſnbtra&ed, we may take. . 


them our of the Redime, and writedown their Complements, 
ad then addethem together wich the reſt, the manner ofthe 
"kin eicher way will beſuch az followech. 
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/ 


4AO gr. O | 
33. 30 97941495 205. 8505 
70. © _9972: 9858. 27.0142 
148. .30 19767. 1353 
74 15 9983. 3805 9983. 3505 
34. 15 9750. 3579 9750« 3579 
20090. DIOO0G 
39733+ 7384 
19966: 6031 19966.6031 
9983. 3015 15. 47%. 13%. o9983. 3ols 
31, 34. 26. 


In the like manner we may finde the angle PZS to be 
130 gr, 3 min, 11 ſeconds, and the angle ASP 30 gr. 28 min, 
11 conds, 


20 To findesSID E by knowing 
the three Angles, 


\ 


If for either of the Angles next che fide required, we tals 
the complement to 180 gr. theſe angles will be curned into 
fides, and the fides inco angles. Then may the worke be the 
ſame, as in the former Propoficion. 


As in thetriangle ZP 8, knowing the angleZPS to be 
31. 34. 26". P ZS 130.3! 11". andZ SP 30, 28. 11 
if ic wererequired co finde the fide Z Soppoſite to the angle 
ZPS, Iwould take 130 3'11” out of-180 gr. the remain» 
der will be 49 5649 

Then, asif Thad a triangle of 3 knowne fides, one of 31 
34 26”, another of 3o 28” 11” and chethird of 49 56'49* 
would ſeeke che angle oppolite to the firſt of theſe fides, by 
the lat Propoſition. © 
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is here required. N to: 
Thus bere the Angleoppo.is: 3x 134! 26) 
thelefſer of che next Angles 3o 28 11 - 
the complement of the other 49 56 49 
the ſfumme of theſe three' 111 59 26 
the halfe ſumme roof 35 59 43 
the differ, from the opp;angle 24 25 17 
the ſumme of double the Radine and. 


1k. __ 


, 2 ns 56; > Irs i 
hoage, 62 Tn I > 411 Re —_ 5 94 
I 2 Sr eg = as En X 
Fu OT os BE + 25 +422 7, Wi hr. Re DER. 3," 
= 5 SIC RC oats "2-6 2.0% " i, 
—__ = > 4 
4 . 
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4 + WBP'FO Fay TOmes, -33 
* Sothe angle which is thus found would be the fide which 


9705.0790 
9883 9153 


9918.5490 
96 I'6. 31 70 


20000-0000 


| the finesof half fumme and difference is 
Take hence the fines ofthe next angles 


there remaines for theſguare 
The halfe whereof is the cofine 
of 20gr, &f and fo the fide required, 40gr, 9m. 


395349 660 
19538.9943 
19945-9717 

997293858 


The other fides may be found inthe ſame ſort; but when 


we know either three dex and; one angle, or three angles 
and one fide, the reft may be found more readily by the 17 or 


18 Propoſition. 


196 Tofnds FLD.E Iybevingthewher 
ro ſides 4d the Angle compre- | 


hended. 


"Fhib and che Propertion orion following are beſt reſolved by 
reducing the oblique-angle triangles given into two ReQan- 


gles.., 3G 


wo 


EIS $+ 


CRETE 


As in the Triangle ZP S,having ZP 
33 gr. 30\.P STrogdard Z PS 31: 36 
In that we haveZP and ZPS, we 
may ſuppoſe a perpendicular ZR co be 
letdown from the angle at Z upon the 
greater fideP S:Soif ZP'S, the, aogle 
given belefle then 90 gr: it will 1 
within therriangle;if more then 90 gr. 
ſe will falf @ichouc the criangle, upon 
the fide produced, and divide the trl- 
angle Os” into two ReQangtes ZRS 
andZRP. Wherein Tg 


1: We may tnd thequamity of this 


uſe of the Searypard 8624 v1 2 2 | 


cafar;* 7 

1 As the Rudine 
to the cofine of the ang-ZPR 31. 34. 26 9930-4223 

So the Tangent of the fide ZP 38.300 g9o00-6052 


to thetangentoftheark PR 34730 19831-0275 


2 As the cofine of PR 3-7 30 © 991749342 
£932 0 


e ma w 
epbition\ dSTſhewin the 


- 2 2. gia 
, 0 


1: Ns : 3, RE. . : wEICALS: : SEEN ef 
SEET _ 3 > i ARIES - $5 PI TAL Rt, J 
* bh ISNT Sy s NG 5 = O 2 by 
FLAT #2 FO EL wy 2d « I y > > k, - 
= © HP: 
#4 an * ? 
«7% 4 , 
F cothe cofneof - ZP 
| bp . * 


38, 300 2093-5448 
3899 
$)the colineof R 2 —— : 2 
to the celine of ans I» A B.. 38842579 "of 
22 Tofinds S1'D E by kunving the other 2 
110 ſides and one angle next the fide 
required. 


ab4ZP$,31- 34 20” cofind the fide 


"Azin che triavgle ZP Shaving a, 38 30 and ZS40g.0 
r Find the ack PRÞy ther: Propofition as before. © 


| 7 "Avthe cofineof PZ 38.30 o” 3893-5443 
= '. tpthecofine of PR 34 7 30 9917-9342 


Eh (7 2. 
Togo oolne of Z8$ hg 40.0: 0 8 "853, 
© to the cofineof SR © © 35.52 30 6438 


Tojne 45 i Didy hronng. 
web ARGS Coming a fe 
Rs, 


[ as ZPS han ZF 1:30 Wo PS, Zt 
2 and g PS woes * DEL $12: 


7. 49919 7 5 AX 2! rw 53o-nit © 

ET ark P Ras Gs. | 
| 7, phtangencof_ 2 TH 30s Ke | \ 9048. 6236 
,  cxngeazel vs 31. 34 26 9788,5746 


CM 
FL 


+: «Sp IR Yo = © 2IY 1 +: 2c. 28:88 19 
F line of ; BE; © "34472. YO) 5:2 -» 290489617 
ego of 35+ 52 30 9767-912 
&fog 4 Eece 2 24 


= $4 To find 4 Side by kwowin two angles, and 
SE 7 the Side incleſed by chew, 


As in the triangle Z P. Shaving ZP: 38 30m. ZPS 31 
24m. 26ſe.andPZS 1303m. 11ſec. to'find: the fide 7s 


3 Asthe cofine of PZ ©28 30 0? 9893-5443 | 
is cathe Radits .- 00: $0 10000.0000 
'Sothe cotangent of ZPS_ , _ 31 34.26... 19211,4253, 
tothe tangent c of PZR.. - 64 18. $9: 4 4: 103178810. 


fa 


2 Asthe colineof - SZR 65 44 22) _ ... 9613-7238 
totlie coſine of PZR 6418 50- -  9636,9311 
_23.2083 X 
' © Sorbecangent of PZ 38309, 1, ona | © 
+ 29therangent of | ZS'"*. 40 09:.:  : 99233135 ; 


25 To finde an englt byhwowhag the ether 10 Angles 
$\ 19 unto a 
SIGH} 


Asin the triangle Z p S having ZP nd 30m ZPS | 
=> 7 wow Fd 7963. 1G. ro finde the mele 2 


4 Findethe angleP ZR by the 16 propoſitign as fore 2q 


2 Asthefineof PZR 64. 18 50. | < | 
tothe fine of $ZR — © 65; MEE ore 


; 2X 0331 
_ Sotkecalineof [TY \ 31-34 gs - 
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16. To findax an angle by knowing the other two 
Avgles and one fiae next rhe angle | 
required, 


"Ain thetriangleZP$, bavingZP 38. 30 m. ZÞS,. 31 
£34 1m. 26 ſe. and ZSP 30.28 m. 11 ſe to finde 'the _—_— 


I Finde the angle PZRags before, D 


2 + Apthe cofine _ ZPS 1-34 26 | 0.44 
..to the coline of ZSP 31:54 7 6 ca $554 
Iothe fie of PZR .64-18 50 | "3354 8122 
| to the fine of SZR 65. 44 _— 9959 "0 
$8211 225: 577 26 
"2 Y To fadus 4ng leby knowing 100 fd 0d. 
| the angle horns them." Is 


$7 ie} 


. N gale the eclangleZP $, having Z P YE 30m. PS 28. «nd 
, 48. 26 ſe. tofind the qogle ts : | 
_ des tricks FR avbeſo asbeſore- "1 1 9th QT og 


2 Asthefineof 35s Ang 9767, 9127 
tabs bneof _ TM $47,390. 9 «9617 


& TO" "ITE S510 
” & thaningaic ef Zp8 a 746 
| page ZSP 30,281 6569;6436 
| 887 a oath, 237265 97543 $3 3164 Th (42334A 
, . 23% f: oy Tit en:m:gief) F< 0 > Hig 03 03 
| ap, CiSVTg tn 249 10901590 b 343 uid to J09362 219120 


Keee2 © a8 To 


23 Tofndanancl by knowing the twonext 
ſraes, gerp- 7 che NA angler, 


As in the triangle ZPS having ZP T 2? m. ZS4Ogr. and 
ZPS31.3 4 m. 26 ſe. tofiad the angleF 


x FindtheanglePZ R as before. - . 


2 Asthetangencof 23 4000 9923-813; 
| . > Wchetangens of 'ZP 38- goo - * " I006.005s 
£ 1-7" 23aodg 


ect | PZR 64.1850. 9636911 
» tothe coline of SZR "By. 44 21 " 96139224 


> pre are thoſe which I _ FRO in np fv 
allrhstanecomm wavedes ry 
os eli vilhewadderada more, to fhew how that 
which is found before, _ che 9 -o and 28 Propofitions 
| a AI LA SIN: _— 
TAS a Sh ; 
29.70 finds | | 
es Sides and thety oppoſt te axe; 
&.s 24:61 2114 281 
bireriangle = Charing Þ'S70 , 920] my 13 
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mheraxick 25 40g7; and BF. > 42x wh $ | 
fide ZP+-© :f 7 | $ A 


M8 @ Kay $25 £4 * 


4 Et ; 


As thefine of half the difference of che a given, 
co the fine of half the ſumme of theſe angles : 
So the tangent of half the difference of the tides given, 
cothe cangentof nal thefiderequired. 


of fc 


3? 


30 To 


| therr oppoſite AF | 


Asin the triangle ZÞ S, Ea the emer; parts P "RY 
ZSand ZP S,to badethe third angle £ S P. 


:Asthe fine of half ehedifference of ef 
evra ode wy b Side Ts Fs 

- Sothetangent of halfe che diferente' "mn 
to the corangentof haltehe angle regutc cf wh s oe 


4: 


= 4 £x ?. "F- 
i 2*5 do : Þ 34 . Kg / 
Ja CO « CHA P.: I I | 
467. "BR how " & 
a _— - 7 C 
F $4 as 


ins and ca 77 | 


| bor, pge 2. 
ed tothe Table and Canon of eb 91 wy 
ty of theſe Tl are _—pntared Ss nam: 


T7 PROP. o 


5 


Having three Angles, aud one fideto find the 
ther two SIDES. 


C7 ie has ws criangle, wherein one fide about the 
rightan gle being-known, ic were required only to fiade the 
other, ehis age! OLI readily done by Sines and Tangents. Ag 


In che pack Al LB, knowing theangle BA Ito be 43'%0 
-- _ lItobe 244, if ig were anos co find the other 
e 


Asthe Radine (the tangent of) 45gr. om. ' 1 0000.0000 
is co thetangentoftheangle 43 20 997 44919 
So is the fide given -: AJ1- . 244-222 __23 7350 


ta chaiſe _—_— BI 230. pd [22362-1093 
Wal 2 ; - 
ere bork The cole Gia. ory ic is þ 


ne rh eoks mes and Sines. | As. in the ſame reftang 
b having: 93 mantabida kde ae fad b : 

( TB... nl tc } OC 4 TED 5 get 2:4 33 I 

£5.47} 37 #32 rt aft | 


* 


TIS f 3© Writ t195 39 If 2 
Fe oft opain aigte” ABI 46. ©- 49 - 986157978 
I (atke Ge girier,. 13 1. AT : 244000 : 12387-3898 
«210 SSHINA&7 NG 2901tt yo 74945 r Jt, 
Sotheſine of Fg ſecond — BAI 43- 20' 98364 
to his oppoſite fide. BI 230.22 7362.10 4 
Asthe ner po otunghs AIB go. © 1roooo.cm0 
to his rnd | AB 335.92 2525438 
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This fike holdeth alſoin Ms ps "v criangles.. 
Azin che Triangle & B D(whichIpropofed pa ape 13. as 
pen le for the fioding of diftances) wheteknowitig the 

Ges erween A an dDecaberoopaces; CI eo 
WP g . abe. angle AD 4.1225 or the/ corward anghe 

vo and coaſequentlytba angle A:BD-dppefite to 

AD he Y: £ given to be 14. 40 ws. it was parks. oh £9 o find the 
Bananrf Band DB, 22 - ny ons ft. 
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'Y : - * 


s *% 


of _ a AB D 14 ml 9403-4554 


+7" Pop. R. : C| RR PAW 
OC: 9TOQ +1, i 2:toghqa$i455 4 
does fine of che Sigel ADB 58. g928.4204 
to his oppoſite fide AB 334.237 2524 9650 
And thefineof thethird avgle DAB 43.25 9836.4770 


hjspppoſite fide DB 271.93: 2433.0216 
= Fre "PROP. 
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0&5 PROP-AL 


+. 


Fd 


Haytng two ſid aud.one angle oppoſite fo either of thoſe 
_ fide td fill the other two angles 


% 


As in the eriangle AB d, baviog the two fides AB 335 


” pacezand AD 1odpacet, and knewing the angle A D B 


which oppoſite tothe fide A B,, to be 122 gr. Orthe outward 
angle BDGto be58gr.if it were required co find the other 
ewoanglesat Aand 6, andihechird fide BD. I may fiſt * 
fGnd an angle ABD oppoſite to the other known fide AD. 


As the op fite fide AB \- 335 290.” 3yes 0448 . 
to the fine of the angle given ADB 58. of 978,420, 
w 4 ene HERS 2494399 


$0 is thenext ſide  F>*AD ab 00  2000,0000 
tothe fixe of his opp.angle ABD 14.595 940343756 


Then knowing theſetwo angles at D and B, I take the in» 
ward angle ABD i459'50" ſourof the ourward angle BDC 
53 © andſa find the thirdengleBAD, tobe 43 20 10, Þ 
having three angles, and 2 fides © tmay well find the third fide 
B D by che fortiher Proportion: LEES. 

«311.11 03 batiit De eo 37 10; 15 71S | jt 
As the fine of the firſt angle ADB 5$gr.om. 9928,4204 

is to his oppoſite fide _ AB 335 000 2525,0448 
> 33S, COM: Qi -+ o CSE . > 

Re ix wana GA 2y., © 740333950 
3% theftcofthe laft angle DAB 43-207 | 9836,5033 
 whivoppolitefide  DB27122. 24331277 
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2. 112; 3b PROP. 111. "* $02 541 RY 
Heving two ſidei andthe angle between them to 


find the other two angles' 
and the third ſide. 


If the angle conteined between the ewo fides given be a 
right angle,che other two angles will be found readily by 
tangents & Logarithmes. As it the ce&angle AIB having the 
fide A1244 and the fideI Brofind theangles ar Aand B, 


As the greater fide at 244 2387 3398 
is to the leſſer fide IB 230 2361 7278 
Soche Radins the tangent of = 45 gr- © 10000-0000 


- roche cangent of the-lelfer atgle. 43 18: © 9974.3380 


Bat if ic be an oblique angle that is conteined between the 
ewo fides givenzthe triangle may be reduced into two re&an- 
glecriangles and then reſolved'a3 before. 

Asin thetriangle AD B,having the ſides AB 335A D,1o00 
and the angle BAD. 43 20', to finde theanglesac B and D, 
and the third fide BD. Fict I would ſuppoſe a perpendicular 
DH co be ler dowa from D,: the end of the leflec fade, upon 
the greater fide A B: (o, ſhall I bavetwo re&angle triangles 
DHAiandDHB. And inthe retangle A HD, the angle 
at A being 43 20 theother angle ADH will be 46 40 by com» 

p__ and wick cheſe angles and the fide AD, I may find 

oth A H and D Hby the firſt proportion. Then taking A H 
earof A B, there remains H B for the fide of che Re&angle 
D HB, and therefore wich chis fide, B and che other fide 
D H, 1may find the-angle at By by the former part of this 

roportion. And wich this angle and che perpeadicularD H, 
Fay find chechird fide D B, by the ficlt propoficion. - 
© - Oc having twofides and the, argle berween chem , we 
EA tals Frff 2 may 


E 


. II: F 
on; 


CI 


- —— 


may find the other ywo angles wichout lating down any 
n % FA 2 


rpendicular,int c 
As the ſumme of the ewo fides given | 


180 the differe = Act r of thelefidds \ by W\ Q\ Lo 1.4 LY 
So the tavgeptof balfetie fm iihe two oppoſite an. 
gles tothe tangent) pfhalde. the difference between | 
choſe angles. 


Sq here haying the fide i nf yay 210335 5 oigns ni 
wh and che other fide - acd1 Db. 256 f3I@S.1 22 v509% 0153 
' the ſuwymeoftheſa Gdeviie:: (' I 5: i: 2:439 + | 2639; 4994 
and the difference of theſe fides 235 2371, 9678 

- Theangle copteined B AD is "es 20 265,474 
the ſumme of the two oppoſite angles [136 40! > i | 

.thebalfefummeof theſe _— Jn $6873 10400,509% 

... and by peoportjon &halfdefference 53/464, 10133; 4978 

This half ſum & halfdifference make 1220y the greater angle g 
and che ditterence berween them '14 19? the lefler angle 


Be ty q 0 INN 
Having three ſides, to findthe three anglet. FEI 
Let oneof the three ſides given be the Baſe, (byt rather 

the greater lide)that the perpendicular may. whit ihy 
triangle. / Ther gather che ſamme andthe difference of. the 
ewotides, and the ptopertion will hold. 


Azthe Baſe of the Triangle © | 
: cotheſumme of thefides © oh. 

- Sothe differenteofthe fides © 
'_ | - *- tothealternar#Baſe. '” ©. Thigalternate © | | 
| OLED _ - Pur thetcye tale , gale conn: 2 g 
pu__ ar- che ce angle, it (hall fall upon , the Y 
middleof the rentbindet: AF in the triangle ADB. wy | 


. TE 
# 5x 
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FT? 


= I, ww M2 i = 


The 


i 
_; 
9 > 3, . a 


5 4406 


The lefſer fide is 4D 100 

-The ether fide BD 271 

The Baſe of thetriangle AB . '335 2525,0 

The ſumme of the fides -— 256008 . nr 
os — 4423291 

The difference between theſe lides 171 2232,9961 

" and(o' the alternate Baſe is i89 37% 2277,3252 

This taken out of 335 leaves 145 £4 

the halfe whereof iv——— 72 $12, And ſuch 


isthe ſegment AH, the diftarice between the angle at 4 
and the perpendicular Þ H. So that having drawn this per- 
pandicular, we have two reQanglerriangles D HA and DHB 
iawhich baving ewofides, and the righs angle, we may find 
the r other angles by thefecogd propofition. 


Theſe foure propofitions may fuffice for the <efolcitch of 
Matanang angles i in all right lined Triangles. 


P'ROP. 'Y. 


Reving PORE PU FLO "AF IPA bias! 
'wed T riangle,zo finae the ſuperfictal content. 


- e 


The io popuieaee may be found by one or other of the 

former propofition S,and this being known we may iind the 

laperficiall content. As in the Triangle ADB, having the 
BiſeAB 335, and the perpeadicular DH 68. 545. 


Asthe number of Y ©301,0700 
/0the pergendicylar 68. 545. 183549757 | 

| 1534-9457 
tothe Baſe Lt $3$:< +7 252540448 
*- the contend | 11481 393 4059,9905 


Ffff 3 Or, 


46 The general uſe bf the Cann 


O-if we would find che content without knowing the per, 


pendicular, we may put two Or more operationsintoone, ay 
 iatheproporcion following.' [qnzi15 582 30d wt 


PROP. VI. 


Having two ſides of a right lined Triengle,and the 
auele between them, t0 find | 
the content. 


Adde the fine of the Angle, and che Logarichmes of both the 
fides, from the ſumme of theſe ſubrrat —— 10302, 030 
ſothe Remainder (hall be che Logariche of che content. 

Azin theriangle A D B,haviag the fides A B335,AD 10 
and theangle BAD 43 gr. 20m. Ei -; 


The fine of the angle '43 gr. 20 m. is 9836,477 
the Logarichme of th:afide AB 335 25 25.046 
che Logarichme of che fide AD 100 2000,000) 
The ſamme of theſe make SE ' 143615216 
from which ſabrra& the ſolemne Logarichme' 10301, 0400 
the Remainder will be . 5 . 4060491 

the Logarithme of 11494 the content required. 

PROP. VIL. 


Heving three Angler, and one fideof a right lind 
Triangle, to finde the content. 


Adde thedouble of che Logarichme of the fide given,and the 
fines of theewo next angles: from the ſumme of cheſe ſub 
era&the ſumme of 10301. 0300. and the fine of che oppotite 
angle, ſoche Remainder ſhall beche Logarichme of che con- 


we 121 * As| 


”, 5-2 33> = m=3 


ets 
as 


and Tableof Logarithmes. 45 

As inthe Triangle ADB ſuppofing the angles BAC co be 

34D. 20 m.BDA122D.om. ABD 14gr. 40 m. and the fide 
ADto be 100 parts. 

The Logarichmeof the de AC ico is 2000,0000 


. - 


thefameagain '* _ 2C0C,0000 
The fine of the angleB A C-. 43 gr. 20) 9836,4770 
The fine of the angle BD A 30 9928,4204 
The ſumme of theſe four make 23764.8974 
Again if we adde the folemne Logarichme _. 1030 1,030@ 
"to thefineof che oppoſite angle 14 gr. 4@ | * 9403.4554 
. Theſummeof both will make 19704 4854 
Which ſabcraRed from 23764. 8974 leave 406044120 
"the Logarithme of 11492 the contear required, 


| Having the third fides of 4 rigbt-lined triangle, 
zo finde the content. 


Firſt ſet down the three ſides, the fummeofthem, and the 
balf fumme. Then from this halfeſummeſabtraf each fids 
everally, and note the differences. That done, adde the Lo» 
garichmes of the halfe ſumme,and theſe differences, the half 
thereof ſhall be the Logarithme ofthe content. 


Thus in the triangle AB 335 

ADB,the three fides areyD B 271 

ow Ie AD 100 

.the ſamme of theſe ſides is 706_ 
the half flumme 353 254747747 
the difference from A B 18 1255-2725 
©" the difference from DB - $2 1913 $138 
1 © the difference frem AD 253 2403.1205 
:. Theſumme of their Logatithmes $119,9815 
and the halfe thereof is 4059.9907 


- 152... the Logarithme of 11481 223 the concent required. 


PROP, 


48 The general uſe of tht Canon | | | Y 
PROP. IX. | 


Having the three ſides of a right-lined triangle, 
to findethe Perpendicular. 


As, in the former triangle ADB, to find the perpendicular 
DH. Firft, find the content of che Triangle by the formey 
proportion, then may the perpendicalar be found by the 
converſeof the V. Propoficion. | | po 


As the Bafe of the triangle 335 
cothe ſuperficiall content. 11481'2 4959.9907 
1534949 
So alwayes thenumber of 2 0301,0300 
to the perpendicular 68 545 _ 183549759 

PROP. X. \\\ 

Having the Semidiameter of « Circlens finde the 
'__ - Cord for any Ark propoſed. TY 


Asif in protraQing the former triangle ADB it were 


the Semidiameter A E, which we ſappoſe to be 3 taches. This 
mighc be done bythe firſt progorrion, for if the chord were 
drawa from E co F we fhould have a criangle E A F of three 
angles and two fides known. But, moregenerally comparing 
the ftne; of 30 gr. with the fine of half theark propaled, che 
Pp tion will hold; DE7 


8 rhefine of the Semiradims © [30gr. 0 me.: + '9b9$,9 700 

- - * tothe Semidiameter 3.993; :* 4761212 
So the fine of half theark © 21 91. 40m. + 56742689 

- * tothe Chordrequired ©: * z 38:5: 22] 09345,4201 


2525-0448 


required to find length of 3 Chord of 43 gr. 20 w. agteeingto 
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$o that having drawn'the line AE, and deſcribed an occy't 

ark of a Circleapon the center A, and ſemidiamecer AE at 
the diſtance of chreeinches, if werakeouewoinches, and 
215 parts of 1000, and inſcribe cheat into rhat arke from E 
toF, theline AF ſhall makechzangleFAE tobe 43 20 m 
as was required. | 


Thus having applied chat to the Canon and table of Loga» 
richmes which I had ſer down before for che geticrall-uſe of 
the lines of numbers, fines, aad tangear ,ic may appear ſu fie 
ciently ,that, if we obſerve che cules of proportion ſer forth 
by achers, and work by theſe Tibics, we'may uſte'addicion 
intt-ed of their malciplication, & ſubitra&ion inttead of their 
divition, and ſo apply-chele generall cules co intigice pacticu= 


lars. Fit, 


——_ —_— 


CHAP. IV. 


Containing ſome aſe © {rigbt-lined rriangler,” [ 
_ anthe prabtſeof Fortification,.. 


TN:helate manner of Fortification the ordinary cares. _ 


1 Thatcheangle of the Bulwark may be either a righe 
angle,or neer unto it. oo Lantana un 31 3p of, 
2 Thatrhisangle may bedsfended fromeheflangie and 
cortin on either fide. neibcun ets as 

That thelines of defenſe may not exceed the reach of 

a msket, which is ſaid tobe Xi}. ſcore yarus and thoſe make 
20 foote 

, 4 Thar the depth of che flanq 1es and bredth of the ram- 

| wat be ſufficient to refilt batcery;zand chac may be abouc 109 


oot at the ground. 


Geeeg Vpcn 


FOE 
7 wt ” PISS Lo Ir OE! <A ” 2 WS h - 
O > NES 5 Coba s 2g bn 8x oat fe BL OT a 
Fe 6 I? 36 WO ns A p - 5 <_ G 
4. # FEISS = —_ - 
Fr. -*« 
* 17 % + 


Upon theſe confiderations depend the reft of lines and 
angles : whereof I will ſee down ſome Propofitions , begin» 
ning with that which may reſolve the. works of others. 


PROP. IE. 


Having the ſide of a Regular. Fort, mith the length 
" ofthe Gorge, the Flauque and the Face of the 
Bulwark, to fivd the reſt of the lines ana angles. 


A regular Fortis that, whichis made with equal ſides and 
anples, exch Rnlwaril like ante other. | 
Suppoſe that, by obſervation or otherwiſe we have found, . 


that in a ſquare Fort, the fide was 700 foot, the Gorge 140, 


the Flanque 100, and the Face 335: In a Pentagonall, hexa= KM" 
gonal, keptagonal, as in this Table. 

— oe | < 

ROE WIL 5 Dade Pentag |Hexag |Heprag\Oftag. | 1 

The fide AB | 500 Soo | 900 | 950 [1000 te 

The gorge AD | 140 | 180 | 190 | 200 | 230 of 

The we DE | 1oo.| 120 | 140 | 150 | 158 a 

| The face pets EF! 335 :: 352. 370 | 360 | 420 | c 

And chat ie were required to finde thereft of the lines, and q 

& 


the quantity of the angles belonging tocach Fort,beginning 
withthequadrate, * 


Firſt we may protra@ this Fort,by making a ſquare whoſe 
' fide A Bhall be7 co foot by the ſcales then take bur 14 for 
the gorge, and ſerthem of from AuncoD, and from'A un- 
twH Ac DandHraiſe 2.flarques perpendicular tothe fides 
the Fort , and. there prick down 100 from D unto E, 
and from Hunto G. That done, take 335 our of the' ſame 
ſale, and (erting one foot of the compaſſes in the point E, 
take an occult arke of a circle. Again, ſetting one foot of 
the compaſſes in the point ”'G, make another occult ark, 
croſling the former in the 'point'F'; So the lines, EF, FG 
ball repreſent the face of the Balwark. i 
lalike manner, for the Bulwark ar B, we may ſet of the 
gorge from B untoN, &c. So .bave we diverle criangleyy 
which may be reſalved by the fict z. Propofirionsof righ- 
lined eriangles. And the-manner of ic ſhall be ſo ſet down, 
asthat the'Precept may be ecafily diitinguiſhed from the ex- 
ample,and applied to any other, nor only by this canon and 
table of Logarichmes, but by the's!d Canon of, fines and can- 
| Gegegg 2 gents, 
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Th The zeniiul uſPof threanm 
ents, and by the lines offines and rangents both upon the 
pefor and the crofſe-ſtaffe. | 


v7 


©.....z "Jn the Reftangle AD-E, having thedides AD,AE, » 
'.---:... Bye may find the angles at Aand E, and the third fide A E,../ 
by theformer part of the third Proportion of Right-lined. © 


triangles. | 

«As the gorge - AD I 4O. _2146 1289 
to the Flanque DE 15 © 200), 0000 
i Sothe Radio . _- $0.6E. ... 10000 C009 
to the tangent of DAE 35,325 9853.$7 20 


Take the angle D AE out of gogr. the complement will give 
the angleDE 4:, and then, having two ſides and three an- 
gles,we may well find thethicd fide AE by the ficit Propofiti- 
on of righclined triangles. 


 ""Agthefineof DAE 35.32% 9764 3542 


to the fide 'DE 100, 2000 ©000 
So the fine of ADE 90. 0.0! ' T©O00. ©0000 
_. tothe fide, AE | 172 247 2235. 6458 


2 _ Becauſethe Fort is ſuppoſed tobe ſquare, the angle 
HAD, muſtbego yr. 
if-we adde pt 6 C A Duuto the angle DAE and 
take the'ſamme qur of 1 80gr. the remainder 99. 273 ſhallbe 
theagle EAF. Then. in che eriangle E AF, having the 
angle at 4, and the twofides FE, AE, we may find the other 


angles atE andF,by thechicd Propofition of right-linederi» 


angles. 

Aztheface ..*' "EF "335. | 2525-0448 

tothe fine of _ . EAF 99273 ' 9994-0502 
| FRE T9 | 7469.0054 

Sothe line... AE - n72 999 _ 2235..6459 


_ tothe fineof  ' .. AFE ,, 30,264.  . 9704-6513 


and the half angle CAD 45 o 


| Of ers ©" Table 5; Bogerit wy > ; : | F5 POS TD nl CAN 

AddethisavgleAFEro the angle EAF, and take the 
ſaumme out of 180 gr. the Remainder 50. 6. 3” ſhall be the an- 
-gleAEF. Andthen we havetwo lides and chree angles, to 
£4 the head linc AF. 


A the fine of EAF 99. 97 3 9964.0502 
to theface EF - ys ; 

_ 7469-0054 

Sothe ſine of AEF 50.6.7 9834 8958 

to the headline AF 260 55 2415.8904, 


3 If weproducetheface F E untill it meet the cortin in 
©; we ſhall have thetriangleA F O: wherein, knowing the 
fide AF, and the three angles (for, knowing two angles, the 
third is always known by the complement unto 180 gr.) we 
may find the other two fidesF O, AO. 


| As the fine of AOF 14.33: 48” 9400. 4548 
| to the head-line AF 2605S. 2 415.8904 
| 984.3644 
$ the fine of FAO 45: ©. 0” 93.49.4850 

tothe line FO 732 2864, 9206 
; and the fige of AFO 3O. 26. 12? 9704:6513 
"i to the line AO 524,972 2720.0869 


[ 

| Take the gorgeNB 140, out of the fide A B 700 there re- 
: maines 56 ofor the line AN. Takethis-line AO out of AN, 
r and thereremains 35 25 for ON chat part of the cortia from 
. whence the face of the Bulwaik may bedefended. 


ITnthe triangle AF Nhavingtwo fides AF, AN, and 
3 | - theangleberween them FAN, wemay find theother ewo an» | 
2 gles at F and N, by the latter part of the third Propofition of 
4 }- righvlinedrclangles. | 
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-As the ſumme of the fides AF, AN. $2055 
is to the difference of thoſe fides 299859, 2476.3245 
- Sothe tangent of the half ſummeof the. 437-7805 
policeanglesat F and N. 22.30 9617-6153. 
4 cangent of half the difference 8.36; 9179.8348 
between thole angles. 
This half difference added tothe half ſum , gives the greas» 
terangle. AFN 31-63 
and ſubſtracted, thelefſer ANF 13 53 
As thefineof ANF 13-53-48? 9380. 5157 
to the headline A F 269 559 _ 2415-8904 
6964. 6253 
So the Sineof FAN 45-00 9849. 4850 
co the line of defence FN 596773 288448597 


4 Iathetriangle ABC wehave the fide AB, andthe3. 
angles, to find cheſide CAor.CB fcom the center to che 


anglegof the Fort. 
As thefine of ACB 90-0.0 -T 0000. 0000 
to thelide AB 700. 2845-0980 
So the fine of ABC . 45: 0. 098.49. 4850 
cotheline .AC 494 975 2694. 5830 


This line 4A C added co the headline AF, gives the whole 
CF, from the centerof the Fort to rhe uccermoſt point of 
che Bulwark co be 755 525 

6 Inthecriangle CEL (the fide FL being parallel to 
A Bethe fide of the Fort) we have che chree angles and the 
fide CF; by which we may find F L the diſtance between 
the points of the two next Bulwarks. 


As the fine of ELF . 4.0.90 9349-4850 
to the line -: A 755. 525, 2879-249. 
So the line of FCI go.oo 10000.0000 
$0 the line FL 1068 464 3028.76488 


Thus 
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 #nd Table of Logarithmes: 


Thus by reſolving of fix triangles we haye found 
The angleatche gorge DAE 35.32) 15" 
the angle ofthe Bulwark GFE «<0. 52 24 * 


the angle FED 104 3 

the angle - ANF MA - be. 
Foote 

Thelength of the line - AE 172. 047 

the Headline AF 260.540 
theline on the Cortin ON 35. 085 

the Line of defence FN 767. 113 
the ſemediameter CA 494. .975 


the line fro che center to the Bulw.CF #755. 525 
the diltance between the Balw. FL 1068, 464 the 

principall Lines and Angles belonging to the Bulwatk at A. 

The reſt of the lines areeither parallel unto theſe, or elſe 
they may be found in the ſame manner. . 

And all theſe may beunderſtood by the ſame in the reſt 
of the Bulwarkes belonging to this Forc. 

Again,what is ſaid of a ſquare Fort, the ſame way be ap» 
plycd to all regular Forts. 

And ſo, refolving the workes of other men, itmay appear 
how neer they have cometo the formergrounds. 


But that we may not altogether infiſt upon examples, I 
wil ſet down ſome] profitable ſuppoſitions, and from them 
proceed to find the reſt of the lines and angles belonging to 
any Regular Fort. 


'2  Theangleat the center A C B, between the lines CA, 
CB, drawn from the Center to each Palwark, is found by 
dividing 360 gr- by thenumber of the fides. So in a ſquare - 
Fort, this angle will be 90gr.-In a Pentagonall Fort , where 
there are five fides ,it will be 72 gr. &c. 

»2:Take this angle at che centergout of 180 gr. there remaines 
the angleof the Fort H AD. 
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55 The general uſe of the Canon 

3 The angle AD E between the Flanqueand the Cort} 
may be alway 90g” 

4 Theuttermoſtangle ofthe Bulwarke EF G, muſt be 
Jefſe then the angle of the Fort, yet nor lefſe then 60 pr. nor 
doth icneed to be much morethen 90 gr. If we allow it to 
be 3. of the angle of the Fort, it may be defended from the 
Flanque and-Cortin on either {tde. 

5 The ang/e at the Gorge D A E, which formes the 
Flanque DE, may be allowed between 35 and 4ogr. For 
in ſmall regular Forts, it may be 40 gr. but where the angle 
of the Fort is great, it may be l«fle. 

Theſe 5. angles being firſt ſerled, the moft of the other 
angles will depend upon them, as in the Table following. 

Orc howſoever there may be other angles found to be 
more convenient, yet theſe are ſufficient co explane the uſe 


Angle at the Center ACB go 0,72 060 c| 8 25/45 oo © 
Angle ofthe Fore © HAD go <|108 $120 [12834135 [180 0 
Angle of the Flangue ADE\go c|o9o ogg c<;o cjg9go of90 © 
Angle of the Bulwark GFE 60 cj72 ol8o (5 42190 c[30 
| Angle of the Gorge DaE4g> v39 ohzs <{;7 c[36 35 
\{hebalf of HAD # CAD 45 c|;4 c{60 ol64 1157 3c[50 
Hulf of GFE » AFE'30 co36 cj>o ofq42"51115 <©145 
CompblememofC ADwD AF 125 0126 c| 20 cjnr5 43j112-3<j90 - « 
'AFE out of CAD leaves AOFits ol1$ c[:o of21, 25122 3c[45 © 
\Complement oo AOFnOED 75 o72 cſ70 068 35/67 3945 0 
Complement of OED #s D F Fligg oh108 clzio ory 26[112 3011350 


Complement of DAL a A & Di50 051 of5 2 5 = 055 © 


(0) 
0 
0 


AED out of DEF leaves AKEF 55 057 ; '58 ClE8 2618 3980 0 


” - 
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of triangles. | 
| "RO Kay |Quadr. |Pentag.'Hexag. 'Heprag. ORag. ! Cortin. 
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and Table of Logarivinor; 


PROP, II. 


Having the ordinary angles, with the Flanque aud 
line of Defenſe, to finde the reſt of the tines 
and angles, in a regular Fort. 


IUppoſe the angles to beſuch, as in the former table, the 
Jdepth of the flanque DE 100. fout, and che line of de- 
ſenſe FN 720. foot; and that ic were required , te find the 
rft of thelines and angles belonging toa Pantagonall forc. 


1 Inthetriangle ADE, having the three angles and the 
finque DE, we may find thelength of thegorge AD, and 
tieline AE. The angle of ADE is alway 90gr- but, the fort be- 
ing Pentagonall, made with five Bulwarkes at the five angles, 
thetable gives the angle DAE to bee 39 gr. and the angle 
AED 5 1 gr. wherefore. 


&Atthe fine of DAE 39.08? $798.8718 
"tothe flanque - DE 100. 2000.0000 
 7798.8718 

Þthe line of AED 51.0.0 9890.5026 
td the gorge AD 1232 2091. 6303 
And the whole fine ...ADE 90.0, 10000,0000 
- Gtheline AE 15892 2201.1282 


2 [In the triangle AFE, having the three angles and the 
fits A'E; we may find thefaceof the BalwarkeFE , and the 
keaddine AF, 
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60 The general aſe of the Canon 
As the fine of AFE 36. 0. 0. 9769- 218 
co the line AE 158 50. _ 2201-1: $2 
| | 7560 cog 
So the fine of FAE 87 0. 0. 9: ©9.:044 
co the face FE 26g 26 2431 3149 
And the line of AEF 57.0 O. 9923,5914 
to the head-line AF 226 725 2355-5010 


3 In thetriangle AF O, having the three ang/es and the 
fide A F, we may find the other two ſides, F O and AO. 


As thefine of .AOF 18. 0. 0. 0489 9823 
to the head line AF 226 725 2355+ 5010 
11508 

$2 the fine of FAO 126. 0 0, 9c 07, 4570 
tothe line FO 593% 277% 9763 
And the ſine of AFO 26.0 &, 9769.2186 
co the line AO 4358 CRE 2634 737} 


' 4 Inthe triangle A FN, having the headline AF the 
line of defenſe F N, and cheangle FAN, we may find the o 
ther two angles ar Nand F, and the third fide A N. 


As the line of defenſe FN _. 720. 2857. 3325 
to the fine of FAN 126,0.0, 997.9576 

: 7050 6251 

So the head!ine AF. 226725 *. 2355 5olo 
cothe line of. ANF +... 14-45-33-; 9.064261 


This angle AN F added tothe angle F AN, and the ſumme 
of borh taken out of 180. gr. will give the third angle AFN. 
As the fine of ' FAN 126 pr, 0.0, 9907- 9576 
Toon Tops EN". —* © 3957-0393 
 705O 6251 

So the fine of . . AFN-.., - 39-14. 27% 98011178 
tothe line AN. ; +. as : 2750. 4927 
-having 


e 7 iS 5 
iQ :i5t 


> 4 a ie. - ans ; - 4 —_ 2 a Rh 2s *- et ee nds, YE STS. ns Ee Gert A 
xe © "EY _ eY © tat Fa. Fudks > * © eS ES - : : p a, x » 

"IM Rs - agile bs * X #5 5 q MRS. 
""Y 

joy, pcs S. * J ” I 

$ "4 > * PP 4 
? p. iy Fr - ” « 7 

auto 4 ” : Þ ? ; 


Having this line ANifweeadde thegorge N B,or AD, the 
ſumme of both ſhall be the ſide of the fort A'B. 

If we take the gorge AD, out of this line AN, the remains» 
der ſhall be the cortin DN. Fo | | 

Again if we take theline AO, out of chis line AN, the 
remainder ſhall be ON, chat part of the Cortin from whence 


the face of the Bulwarke may be defended. And ſo here 


The length of this line AN being | 562. 98 
the george AD 123.49 
the ſide of the fort A B ſhall be * ©. 686.47 
the cortin DN 429.49 
Again taking the line AO 43 1.26 
from AN, there remaines ON 131-2 


5 Inthetriangle AIC, having the three angles , and the 
fide A I, the one halt of AB the fide of the foit , we may 
find both CI, the ſemidiameter of the circle inſcribed, and 
ny » theſemidiameter of the circle circumſcribed abour the 
ort. 


As the fine of ACI 36, 0&, 9769. 2186 
to theline Al 343 4, 2535-3915 
7233. 6271 

$o the fine of CAI 54+ 0. ©. 9907-9576 
totheline CI 47 2: 4.225, 2674-3305 
And the whole fine CIA 99. O. O. | 10000.0000 
to the line CA 593. 9466, 2766, 2729 


This line C A added to the headline A F, gives the diſtance 

CF between the center of the fort, andthe uttermoit point 
ofthe Bulwarke. | 

'6 Ifthis fort ſhall be incompaſſed with a ditch, whoſe nt 

termoſt fides ſhall be parallel to the face cf the Bulwackes 

ſappoſing this ditch to be of a known bredth(and t';at may be 

about a' 100 foot ) we haye the triangle F 2 X; wherein, know- 
ing the three angles, & the fide F 2, we may find the line F X. 
| Hhhh 2 A 


2 a. ts et TYP - 
Ct Ln oO ORs 07" Code are 5 y_e . 
- 
% 4 v 
d | 


$ ps 3 "OL 
YN OE 
OOO 


's 2 The general af: of the Cann  ""_w_ 
As the fine of FX2 36. 0.0. 9769. 2186 


to the bredth-line F 2 100. 2000. 0000 
Sothe whole fine F2X 9O. O. 0. rYO900.0000 | 
tothe line FX 1703 2230. 7314 


This line F N added tothelipe CF, gives the diftance C X 
between the center of the fort, and the uttermoſt corner of 


the ditch. And fo here, 
Thelength of the head-line AF is 226.72 
the femidi ameter CA 583. 95 
Both theſe make the line CF $10. 67 © 
Adde unto this the line FX 170, 13 
So,G A, AF,FX make CX 980.8 © 


7 Inthetriangle CY X, having the three angles and the 
fide C.X, we may fide the two other fides C Yand XV. 


As the fine of CYX 108.0.0% 9978. 2063 + 
- to the line CX 989%. 2991. 5815 
Fe 

So the fine of CXY 36. 0. 0. 9769. 2186 | 
totheline CY 606 169 27V2, 3936 | 

And the fine XCY 36. 0. 0. 9769. 2196 
co the line RY 606 169 2782. 5938 
Take theline CI, fron thislineC Y , there remaines I Y, 1 
the bredth of theditch-from the middle of the cortin A 


3 Then,for thelines FI, XZ, and ſuch other paral- 
lels to the fide of the fort AB, | 


As the femidiameter CA 533» 95 276643729 

tothefideofthefort AB 686. 47+ 2036.0215 
7070» 2486 & 

Sothe lengehof CF $10.6.98 | 2908. $444 

tothe ditance FL. 953» 00 2979-0930 

And the leagek of CY 980. $0 2991. 5815 

t@ the dittance RL 1152.97 gy = 

Vl c 
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found in the ſame ſorr, 
As the ſemidiameter CA 
to the P erpendicular Cl 
Sothe length of CF 
to the Perpedicutar C3 
And the length of CX 
cothe Perpendicular CC, 


> 4 ' _ mz 20 , —_— * 
- aud Table of L Ss 63 4 


9 The perpendicularsC 3, C4, and ſach others, ler 
downe from the center upon the former parallels may be 


583.95 
47242 


810. 67 
655-84 
980. 80 
793+ 45 


2766. 3729 
2674 3395 
92. 0424. 


2908. $4.44, 


2$16.8020 
2991. 5815 
2899. 5391 


10 If wetake I Rthebredchof the Rampart , out of 
the Perpendicutar CI, ſuppoſing the bredih of ete Ram- 
par t to be 100, foor, there remaines 372+42 forthe Perpen» 


dicular C R. 


It wetakeout IT, the bredth ofthe Rampart and ſtreet 
adj9ining (the ſtreet being ſuppoſed zo. foot broad) there re- 
maines 342+ 42 forthe Perpendicular CT. 


As the dicatar Ct 472442 
co the fide of the fort AB 6$6.47 
S3 the Perpendicular CR 372, 42 
tothe ſide ofthe Rampart QS 54T.16 
And the Perpendicular CT | 342+ 42 

©0 the inner fideof cheltreet V W 497, 57 
As thePerpendiculasx CE 472. 4,2 
w the ſcrmidiamers CA 533. 95 
Dthe Perpendicular CR 372. 42 
kad the Perpendicalae CT 23.,:.42- 
cotheline CV 423.25 
Hhhh 3 


2571-0358 


273343268 


2534*3022 
2696. 85.32 


2734+ 3305 


_2766.3729 


92, 0.427, 
257 I. 037 
2643. 0802 
2534s $622 
2626, 60.46 
PROP. 
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| Having the 01djnary angles with the line of des 
fence aud face of the Bul wark 70 frnae : 
the reſt of the lines and angles. 


L 


Qlppoſea long cortin tobe fortified with Balwarkes, the 
angle of each Bulwarke to bee 90 gr. the angle at the 
gorge forming the flanque 35 gr. the reſt, as in the former ta- 
ble, theline of defenſe, 720foote, and the face of the Bal- 
worke 300 foot. 


1 Iathecriangle A EF, having thethree angles and the 
m_ FE, we may finde the headline A F, and the line 
- = 


11 


Wy 


. a1d Table of Logarithmes. &5 


As the finecf F AE 55: O. Os 9013 3645 
tothe face FE 300 2477: 1512 
7339 28 

S$> the fine of AEF 80. o 0. 9993-3514 
tothe head line AF 360. 66Z 2557. 1081 
A:d the lineof AFE 45 ©. 0. 98.49. +850 
to the line AE 258. G65 2413.2417 


2 lathe Triangle AD Ehaving the three angles and the 
line A E, we may find both the lanqueDE, and che garge 
AD. 


As the fine of ADE 90. O. 0. 10090, 0000 

tothe line AE 258. 96 241 3. 2417 

| 7586 7593 

So the fine of DAE 35-00 . 9758.5913 
tothe fl.nque DE 148.53 21 1.533 

And the fine of AED 55. O. © 9913-36.15 

tothe gorge AD 212. 132 2326,6062 


'3 InthetriangleF AO, having the three angles, and 
the cwo equall fides AF, AO, we may finde che lengch of 
FO, the face produced unto thecortir.. 


As the fine of AOF 45. 0.08. 9©47 4350 

"ito the headline AF 360. 66 2555, 1CS1 
So the whole fine of FAO 90.0.0, 100C0.9c.09 

to the face produced F O 510. 2707. 6231 


4 Inthe triangle F AN, having the beadlineA F, the 
line of defenſeFN, and the right angle FAN, wee may 
wie heother two angles at Fand N, and the third fide 


As 


'* , Se 


6% The penvrall aſcof the Canon 


Asthe line ofdefence FN 720 2857 3325 
tothe whole fine of FAN 90. O, Oy 1000+ 0000 


Sothe headline AF 360. 66 2557-1081 | pp 
to the ſine of ANF 30. 3-3 9699.7756 
As the fine of FAN 90.0.0, 10000. co00 
totheline FN 720. 2857+ 3325 
So the ſine of AFN 59.5657 9937-2735 
totheline A N 623. 16979 2794.6060 il | 
Having thelineAN , if weadde the Gorge NB, or AD. 
the ſummeof both ſhall betheline A B or FL, che.diftance I *! 
between both Bulwarks. tet 
If wetake the Gorge A D oat of this line A N, the remain- fla 
der ſhall berhe Cortin DN. | ae 
Again, if we take theline AO outof this line AN, the  ** 
remainder ſhall be ON, that part of the cortinfrom whence Wt , | 
the face of the Bulwark may be defended. G 
Thus thelength of AN. being 623.16 ti 
the Gorge NB, or AD 212 
the diftance FL or AB fhallbe $35. 30%. Þ| 1 
the Cortin DN 9 41.037 || « 
Againe taking theline A O 360. 668 | lin 
from AN, there remaine ON 262,501 | iff 
| | fill 
þ 
5 anp 
632 


PROP, 


and Table 5 ivegerithmes = 6g. 
PROP. III... 


Having the Angles of an irregular Fort, with the 
fiae between them, and the face of the Bul. © 


wark, zo find the reft of the Lines 
and Angles. 


" Suppoſe the angles of an old walled Town were to be 
fortified with new Bulwarks. The angles of the Bulwark 
vbe either;. ofthe angleatche wall, orifz. of the angle 
temore then go gr.) ic may ſuffice, that they be gogr. The 
flanques perpendicular to the Cortin, to be formed by an 
agle between 35 and 40 gr- as fhall þe found more conyeni- 
amt. And the face of each Bulwark to be 300 foot. 

Lecche angle at A be 126 gr.then may EFG, the anyle of 
the Bulwark be 84 gr. and the angle DAE may beallo ved 
tbe338gr Letche angle at B be 140 gr. then becauſe z. of 
this angle are above 90 gr-the angle of chis Bulwarke may 
well be 90 gr. and the angle at the Gorge N B M. 36 gr. And 


if lt A B, the diſtance berween theſe angles be 750 foot. 


In regular Forts the Bulwarks may be made onelike the 
her, ſo the hea lines being produced will all meet in the 
ſime cetiter. Is irregular (ſuch as chis) chere will be ſome 
difference, yet the work though ſomewhat lenger will be 
till che ſame. 


At the Bulwarke Ain the triapgle AFE, becauſe the 
argte of the Fort HAD is 126gr. the halfe angle QA D 
63zr. and the angle atthe Gorge D A E ſuppoſed to be 
3$7r- theangle EAF will be79 gr. Againe the angle 
AFE(thehalfeofGFEcthe angle of the Bulwarke ) be- 
ing-4.2- gr, che avgle A E F will be 59 gr. by comple» 


Mmenty- 
t..- liii As 


90 - Thegeneral nftof rhe Ganen 


" As thefineof FAE 79.0.0 999149465 
eo the face .FE 300. 2477-1212 


7 514.8253 

© the fine of AEF 59. 0.0 9933-0656 
rothe head-line AF 261. 963. 2418.2403 
And thefine of AFE 42. 0.0 9825 410g 
tothe line AE 204, 496. 2310.6$56 


In there&angle ADE the angle, at the Gorge D AE 
being 38 gr- the other angle DE A mnſt be 52 gr. by comple 


ment. 
As the whole fineof ADE go.o.o 10000.0000 
co the line AE 204.496, 2319.6856 
7889 314 

$o the fine of DAE 38.0.0. 9789 3419 
rothe flanque DE 125.900. 2100.0275 


And the fine of AED 52. ©. ©. 9896.5321 


Inlike manner at the Bulwark B in thetriangle BLM 
becauſe the angle of the fort is 140 gr. the halfe thereof 
SBN70gr. and the angle at the Gorge N BM ſuppoſedto 
be 36 gr. the angle M BL will be74gr. And then the an- 
gle BLM (the halfeof the angle of the Bhlwarke ) being 
45 g7-the third angleB M L, muft be 61 gr. by comple 
ment. 


As the fineof MBL 0! of, $2.9416 

to the face MIL —_ co 

| 7505.7204 

Sothe fine of BAL 61. 0. 0, _— : 192 

' tothe head-line BL 272. 960 2436.0988 
And the fineof BLM 45- ©- © 

4 - 0. 0. 9849-4850 

tw theline BM 920s 681, 2343-7546 


co the Gorge AD 161.145. 22072177 


© >. 


\mRAUIOWvISalco 0&6 
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And inthere&anglecriangleBNM, allowing NBM, 
the angle at the Gorge tobe 36 gr. the other angle BM N 
muſt be 5 4gr. by complement. 


and T able of Logarithmes. or | 


| Asthe whole fne BNM gc.0. 0 105090.0000 
tothe line BM 220.681 2343-7646 
765642354 

.$0 the fine of NBM 36. 0. 0 9769.2186 
to the tangue NM 129.713 2112 9832 
And the fine of -BMN 54+ 0» O 9907-9576 
tothe Gorge BN 178. 534 22517222 


3 InthetriangleAFO, cakingtheangleAFO 4: gr. 


 mxof the angle QA O63 gr. therercmaines 21 gr, forthe 


angle A OF. 
As the fine of AOF 21. 0.0” 9554-3291 
tothe headline AF 261, 963 241.2403 
6136.0888 
Satheſine of AFO 42. 0-0 9825.5109 
'totheline AO 489, 127 2689.4221 
And the fineof FAO 63, O. 0 9949 8808 
to the faceproduced FO 651.316 2813,7920 


And ſo in theliketriangle BLP, taking the angle B LP. 
45 gre ont of the angleSBP 7ogr. there remains 25 gr. for 


the third angle B LP. 
Asthefineof BPL 25.0.0 9625,9432 
" tothe headline BL 272.960 2436,09 $8 
7189,2494 
[Sothefineof BLP 45.0.0 9849-4850 
to the line BP 456. 704 2659.6356 
And the fineof LBP n0.0e? 997239858 
totheface produced LÞ | 606. 927 278311364 
| | | Liii 2 Thus 


The gherall uſe of the Canon 
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Thus the length of the fide AB being 750. 
the length of the Gorge BN _179, 534 
the length of the line AN 571, 466 
Take from this theline AO 489, 127 
chere remains for the line ON _ $24 339 
Again taking the Gorge AD 161, 145 
out of the fide AB thereremains BD - 588, 855 
Take from this the line BP 45 6,704 
there remains for the line DP 132,154 


Take AD out of ANthecortin DN is 410,31 


4 In the criangle AFN, baving two fides AF, AN, 
and F A N,the angle between them, we may find the other 
twoanglesatNard F, and the line of defenceFN. 


As the ſumme of the ſides AF,AN, 833.429 2920.86g4 
is cothe difference of thoſe ſides 309.503 2490.6636 


So the tangent of halfe the ſumme of thetwo 430. 2048 


ws _ w—_ 


oppolice angles at F and N 31. 30.0 9787-3193 
to the tangent of 12 49% 9357-145 
the half difference between thoſe angles. 
This half difference added co the halfe ſumme gives 


thegreaterangleAFN. 44 1% 


and ſubtraed thelefler ANF 18 49! 


pp? 


As the fine of ANF 18.40'3 950545225 
to the headline AF 261.963 2418,2403 
7087 2323 

So the fine of FAN 63-0.0 9949, $808 
totheline of defence FN 728. 783 2862.5986 
And the fine of AFN 44-195 g844.2725 
to the line AN 571-465 275 6.9903 


And in the liketriangle BDL, having «wo fides BL, 
BD, andthe angle between them LBD, we may finde the 
othertwo apgles arD and L,andiheline of defence LD. ; 

: | $ 


oo» > EpLSH . 
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andT able of Logarithmes. 
As the \ammeof BLand BD 
tothe difference of theſe fides 


861.815 
315. 895 


| Þ the tangentof halfethe ſumme of the two 
| oppoſite anglesat Land D, 35.0. 0, 
tothe tangent of [4.23.7 


and ſubtrafed the lefler BD, 


As the fine of BLD 20.36, 
to the headline BL 272 960 
So the fine of LBD y0.0.0 
tothe line of defence LD 728.838 
And the fine BLD 49. 23%. 
to the line BD 588.855 
PROP. V. 


435 8717 


9845-2267 
94 29,3590 


This halfe difference added co the half flumme gives 
| the greater angle BLD 


49-23'- 

20,36 x 
95 46.4542 
2436.0988 


[RS 


223544 
9972. 9858 
2862. 6314 
9880-3627 
2770.0083 


Having the Lines and Angles of a regular Fort, 


to find the coment 1# feet and acres. 


"The content of a Fort may betaken ſeverall ways: either - 


' from within the Rampert,or from within the ouw:fide of the | 
ditch, or elſe we may take in the Out-workes: And thoſe 
my be of ſeyerall ſorts, ſuch as arehere repreſented, orthe 

£, 


If we confider the content within the Rampart, we have 


the triangle QCS,wherein knowing the Perpendicular CR. 
and the Baſe Q S, we may finde thecontent of thetriangle. 
Aad this contenc multiplyed by the number of the like cri- 
_ belonging to the Fort, ſhall be the whole conteng re- 
quired. 


Thus, in the PertagonaliFort before deſcribed, where the - 


Iiiiz 


Per-- 


714 The general uſe of the Cann 
Perpendicular CR was found co bein feet 372. 42. and the 
Baſe © $541. 16. 


As the ſolemne number 2, 031.0306 
is to the Baſe QS $4.116 2733-3263 


2432,2968 

So the Perpendicular CR 372. 42 2571-0358 
eothe content of thetriangle 100773-25 5003.3326 
Adde (for 5.triangles) che Logarithme of 5. 0698.9700 


The content in feet comes to 503866, $5702.3026 


Then to reduce this content into acres , we may either di+ 
videthe number of feer by 43560, (the number of feet con» 
tained in an acre, or working by Logarithmes, we may ſub« 
rra& this ſolemne Logarithme 4639.08787. 

Thus, from the Logarichme of 5$03866.25, 570 2.3026 


Cabtra& rhe ſolemne Logari.of 43560 4639-0878 
thereremains the Logarith. of I1.56, 1063.28, 


the content in acres contained within the Rampere. 


Ifit berequired to finde the content of this Pentagonal 
Fort within che outward fide of the Ditch, wehave 10ſuch 
crianglesa8XCT, wherein knowing the two fides CY, 
CT,and theangle between them XC T, we may let down 
a Perpendiculer from the angle at 7, upon the Baſe CX;and 
then with the Perpendicular and the Baſe, we may finde the 
content of the triangle as before. 

Thus the fide @ X being 980. 80,the fideC T 606. 17,and 
the angle betweenthemX CT, 36.0.0". 


1 Asthewholefineof 90. O. © 10000,000g0 
tothelefſerfide ET 607. 17 278235938 

Sothe fine of © XCY 36, 6.0 9769,2136 

tO the Perpendicular 2551,8124 


2 A, 


_ 


VP Um» £* 


» Astheſolemnenumber 


avud Tublc of Logarithmes, 7 s 
2 0301,0300 

tothe Baſe CX 980,99 2991,5815 
2690,5515 

. So the Perpendicular 2551,8124 
to the content of the triangle 174728,60 5242,3639 

Adde (tor ten triangles) the Logari, of 10 1000,0000 


the content in feet comes to 1747236 6242,362 9 
Again ſubtraRt the Logarithmeof 43560 —- 4639 0878 
the content in acres comes to 40g 11 1603,2761 


By the ſame reaſon reſolving all intoeriangles, we may 
take in the Counterſcarp, ard thereſt of the Oat-works, 
And fo find the content, notonely of a Regular Fort, bus 
efany ether piece of ground. 
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: HONOR ATISSI 1 
| DOMINO Ds. JOHANNI 
| COMITI de BRIDGEWATER, 
VICECOMITI de BRACKLEY, 
 BARON1 de ELLESMERE, 


Hunc ſuum Canonem 
Triangulorum. 


E DN. GUNTER, 


A 


CCC —— —  —  — — = . — ganron_— Ro _ — 

II] -: The deſcriptionof the Canon, © 

THis C2now hath fix colamns. The firſt is of degrees and mi- 
nutes, from the beginning ofthe Quadrantunto 45 gr, the 
[iixt of degrees and minus, from 45 gr. anto the end of the qua- 
dranc;rthe other four contain the Sines ani Tangents b:long- 
ing toeach of theſedegrees and minutes,afcer the manner of o 
chec Canons. The difference is in the nambers Foc theſe Sinzs are 
not ſach as half the chords of the double ack, nor theie Tir 
- | gents perpendiculars at the end of che Diamerer:buc other nam 
bers ſubliicuced in theic- place, for attaining che ſame end, by a 
moreeafie way,ſuch as the Logarithmer of the L rd of Z7:rchi. 
ſton, and thereupon I call them Artifi:ia7 Sines and T mngents. S) 
cheſecond and fourth co'umns contain the Sines 1nd Tanzents 
of the degrees and minuies inthe fi:ft co'umn: therthicd and 
fife contain the Sines and Tangents of the fixc colum 3. 
As if it were required to fiad the arcif:iall Sine belonging co 
our laticude, which here ac Londonis 5 r gr. 32 m. you m:y find 
Sine 51 in thelower parc cf che page, and A. 32 in the fix2 co- 
{amn,.the comman angle will giv: 9893, 7.452 for the Sine re- 
 {quiced. And in che ſam: line you have 9793, 8317 for the Sine of 
hed omplement of chis laticuade,which in one word mz y be cal 


=_— =? 
P—— 


ed the cofise. In like m nner che Tangent of 51 gr. 32 m will be] 
tfound to be FOO9Y9, 9134 and the co tangent 9909, 0865, 

| The Secanrr (if there were uſe oitheatmay eafily be (appli- 
ed, by taking che co-ſine ont of the double of the Radius. = >: 


j - As thedoibleof the Ridime being- 20000, 0200 
' Take hence the co-fine of 51 27.32 m. 9793. 8317 
”* "The Secant of 51 gr. 32 m. will be 10206. 1683 © 


-{ Theverſed Sines may alſo be ſupplied by adding 301 , 0300 
unto the doable of che fine of halfche ark , and ſuberaRiag the 
Rating, As the half of5 1 gr. 32 m- being 25 gr. 46m. * 


" Add to the Sine of 25 gr. 46 m. 9638. 1968 - 
The ſame again, and che former 9638. 1968, 
-- number, ſothe Kidice being ſubtrafted, 321. 0306" 
| theverſed ſizeof 51 gr. 32 m. will be 0577+ 4236- 


A 2 


ſ 6463,7260 
.. 6764-7560 
£940-8473]| 
 7065.7860 

' 7162,6939 
| 7241-877) 


7360-3157 
7417 g681 
7493-7255 
7505.1180 


7308.82 7 


7542,9064| 


7677668, 
7609 8529 


7839 $160] 


7667-8445 


| 76941737, 
1s] 7715,9966, 
713% 4775| 


7785:94 257; 
bobs '% 
7825-4507 
. 7840, 9238 
7861,6623 


7878-6953 
7895-0854 


281 7910 8793 
A. 7926.1189: 


+ -7940.8418 


Il 0000.0000 


9999-5999 
9999-9999 
9999-9998 


9999-9997] [7 


2992:9995 


9999-9993] 


9999-9991 
9999-9938 
9999 9985 
9999.9981 


9999-9977 
9999.9973 


9999-9969 
9999.9964 
9999 9958 
9999-9953 
9599-9947 
9999,9940 


9999.9933! 
9999-9926]. 


2999-9919}. 


2999-9911 
999949902 


9999,9894 58: 
2999-9885 | 


9999-9875 


9999.9866} 


9399.9856 


[7718-0026 
1774224841 


9999.98.45 
5999.9834 


— 


; - 32037-3935] 


Ti 12691.1752;93 


- 122572515 


 12174+5395 


13536.2539} 59] 
13235.2438,59) 
1305 9.152557] 
1:924.2 136,56 


12758.1221j54 


212633 183 1;5%} 
125$2.0303.9! 
12546 2726 
12494 $797.99 
12457.9508 4 

12422.3284,97] 


; 112390.1434 # 


12369,1798 9] 
1233215074 | 
1230582144} 
12281.9974 47] 

7 


12235-3 262,40 


so$| 12214-0491/29} 
12193-8452 


37 
12156.0554[26l 


32138-2389136) 


12123g292213 


+4 


Reo oY 


Sin. 89, 


CE ns. 4. 


—_ 


Fin. 0. 
97 40.8418 
795510819 
7982.2333 
7959-1979 
$007.7866 
$02c.0206 
$03149194 


805 47814 
$065 7763 
8076-4996 
$086.9646 
$097-1832 
$107-1669 
$116.9262 


$126.4709 


$135.61 04. 


8144-9532 
$153-9075 
$1 62.6808 
$171.2803 


$179.7129| 


$187.9847 


i 4 


8196 1020 
$204-0702 


eb) B211.6949 


© 9999 9383 


— — 


EET 


9999,9823 
9999,9812 
9999,9800/ 
9999,9787 
9999 9774 
999999761 
999949748 
9999.,9734 
9999.9720 
999949706 
9999-9691 
9999-9675 
9999 9660 
9999-9644 
9999-9628 
9999-9611 
999949594 
9999-9576 


| Ton. ©. | 
7940-858, 


9999-9558 


9999-954! 
9999-9523 
9999-9503 
9999-9484} 
9999-9464 


9999-9444 


9996.9423 


| [268-2903 


9999-9403 


$] 9999-936 


9999-9338 


Sm. $9. 


79550996 
7968,8886 


7982 2534 
7995-2192 
80c7. 8c: 91; 
$020.0445 
8031-9446] 
$04325274 
8054-8193 
ok arneY, 


8086 9970 
8C97,2172 
8107-7020 
8116-9634 


$135.8510 
8144-9955 
153,956, 


8$172-3281| 
$159.7626| 
$1 $8-0Z63 
[81 96-1555 
820441258 
211.9525 
$219:6407 
$227-1953 
$234.5207 
$241.9214 
bares hn was. 


$076.5305| 


81 26,5098 | 


wes 


$2059.1416{2- 


12C 44-9004 
12031.1113 


12017-74657 
r2004-7808|? 
11992-1908[* 
119799555]; 


11968-0553 
11 956.4726 


11945-1806|” 
21934-1942|- 


ay 923+4694 


1190247827 
11892-7975 


11883-0365 6 


11873 4901 
19 $64-2489 
11 855-0044, 
11846-0483 
11837. 2632 
11 $28.6618 
I 1820,1374 
11811.9636 
3 1803.84.44 

11795874 | 
J $788-.0474 


11780.3592 
11772-8046}. 
13765-3792) 
11758-0785 
Tn. $9. 


-_ 


Bo» ww o> [ 


9_ 
Paolo 


ww Aw 


A.3. 


M - $3n. 1. I GS { Tan. "= | 
'of $241.8553 9999-9338! Sar 9204] 1175807865" 
il $249. 249.0331] 9999 9316; $249.1015 11750-898 | 59 
2] $256.0942) 9999.9293 [8256-1649 11743-8351 58 
3l. $263.0423| 9999. 9279 $263.1152| 21736.8847|)7 
4| 8269. <£810| 9999.92,7 18269.9562| 11730. 043719 
+5 $479,6136 9999-9223, |8276.6912| 11723-3087) 
6 $283. 2433] 999% 9199, $253. 3234 11716.6765 6765 54 
7] $289.7734] 9999-9175, [8289.8559| 11710,1 44033 
s| $296.2067] 9999 9150. $296.2916] 11703.7083152 
"| 9] $302,5460] 9999 9125' [$302.6335] 11697,366 451 
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T7) PII RELTR 986.3308] 19406:3644, | 10593,6356 ll 
18) 9392-6952 9986.2986| [9406:8919| ' 19593.1080þ4a 
Ig] 9393-1995 9986.2663| |9407.4139 10592,581040 
20! - 9393-UIEN + AER WER - OT 105920546139 
_-_ 4.1793] 9986.2340 [9497.9453] T0592.c 
x —_ 6728 986.2017] 19498-4781 | 10591.5288 36 
- 9395-16 8, +9986.1693 [9408-9964 | 10591.0035/37 
[23 9395.6581 9986.1369| 9409:5212 ba -—pi4 - 
- 1-4 939.1498] 9986,1044; [129458 2059 259 
26, 9396-6410 9986.07 19] 9410.5690 n03 0943090 3 
93971315] |-9986.0394] 1941110921] 10588.907 97 
w_ :9397.6 : -09R6; 068| /[o411-6146|: 10588385313 
28 .*2397-0k5] 1998610068] | [oy1 | 0 BEa2hhl 
8.1198 85 \ [9412-1366] 10587.8633'3 
29] od.5006| 22359742) [or 580] 10585 34190 
Z] 9 gote.ggrd fogn2.6589) 19597 1 
wu Sim. 75: —_ Ton. 75 I 
— 


| 9408-2538 


9399.0878 
9399-5754 
9400.0624 
9400.5489 
92407-0347 
9401.5200 
9402-0047 
9402.4889 
9402.972 4 
9493.4554 
94c3-9378 
9404-4196 
9404,9009 
9405-3816 


9405-8617] 


9406+3412 
9406.8202 
9407-2987 
94077765 


9408.7306 


9409. 2067| 
| 9409.68324) 


9410.137 4 
9410.6319 
9041 || -1059 
9411-5793 
9412.0521 
9412,5244 
9412.9962 


5s 


9985-9089 
9985.8761 
9985-8434 
9985,8106 
99857777, 
9985-7448 
9985-7119 
99856789 
9985.6459 
955.6129 
9935.5798 
9985,5467 
9985.5135 
9985-4803 
9985-4471 
9985-4138 


9985. 3305 
9985-3471 
998543137 
985.2803 
9985-2468 
998542133 
9985.1797 
9985-1461 
998591125 
9985-0783 
9985-0451 
9985.01 I, 


9984-9776 


9249437 
Sin. 75. 


Tan. "PRE 


9413.6992 
9414.2190 
9414.7393 
9415.2570 
9415-7752 
416 2928 
'$416.8099 
9417.3264 
9417.5425] 


9$11-7709 
70136793 


941843579 
9418.87 29 
[9419-38731 
9419.9012 
9430.41 46 
9420,9274 
941.4397 
9421-9515 
9422 4628} 
942.9735 
9423-4537 
9423 9934 


g 424.5926 


9925-5127 
9426.0270 
94265341 
9427.0408 
PR 
9428.05 24 


9425.01 I f 


 10573.9729 


10587.3419\3C 


ap pact. 
105 6.3007 
10585,780g9 
10585 2616 


195384.7429|22 


10584-2248 
10583.7077 


10583.1900|* 
10582.6735|* 


10582.1575 
1058 1.6420 
10581.1270 
10580 6126 
105 80.0987 
10579-5853 
10379-072\ 
10678 5602 
1057 .0454 
10577-5372 


10577-0264 


10576-5162 
10576.0065 
10575-4973 
10574-9897 
10574-4805 


10573-4658 
10572-9592 


FO _—_ 
we ilnow wovlo 


10572.4531 
10571-9475| 


-— 


E 


1a. 75s | 


Slo - 
od 


M Sin. 15. 


© ©Ow xl > vv LQ) = 


> 


+8 PRO Tan. I5: 
9412 9962 99849157] 19425-9524) 29371-9975[S.| 
9413 4574| 9984-9399] [9428-5575] 10571.4424159 
9413 9380) 9984.8760| |9429.0602] 10570,9379)58 
941 4.4082 9984.8.,20 9429-5661 10570.4335 J7 
9414.8777| 9984-8080] [9439-0697] 10569,9303/56 
941593457] 224.7749] [94305747] 19569,4272/5 
9415-3152] 9984,7399 19431-0752] 19568,9247[54| 
9416.2831] 9984-7058| [9431-5773] 10568, 4226[53|' 
9416-7505] 9984,6717] [9432.0788] 10567,9211152 
9117-2174] 9984.6375] [9432-5799] 10567,4201[51 
9417-6837] 9984.6033) 19433:0804] 10566,9195]50 
9418 1495] 9984-5690] [9433-5805 10566.4195][49 
9418.6147] 9984,5347] [9434-0800] 10565.9195|48 
9419.0794| 99845003] [9434-5791] 10565.4209|47 
9419.5436| 9904 4660, 9435-0775] 105 649223146 
9420.0075] 9954 4315] !92435.5757] 10564,4242[45 
9420,4704| 99843971 9436-0732] T0563-9267 44 
9420.9329 9984.3626] 19438-5703 10563-4296], : 
| 9421.3950| 9984.3280] [9437-2569] 10562-9330|42z. 
 9421.8565| 9984.2935 9437-5630 10562-436glarl 
942.3175] 9984 2588] |9435 0580 10561-9413140 
9422.7780| 9984-2242 94385538 105 61.4461]39 
9423.2380 9904-1895] 9439-0484 10560.9515[38 
- 9473.6974 9984.1548 9439-5426 10560.4573[37 
9424.1553] 9994-1200] [9449-03631 10559.96371]36 
9424.6147| 9984 0852] [9440:5295] 10559.4705[35 
94:5:0725] 99840503] [9441-02221 10558:977713- 
9425-5299, 9984015, [9441-5144] 10558.4855|33 
9425-9867] 9983-9805} 19442-0962) 205574993732 
9426 4430] 9983-9455] [944244975] 10557,5024/31 
942 6-988] 9983-9105] (9442:98383] 10557 0116/30 
"— RI ET —T 
Jt. 7 4s Ta. M*. 


— 
—— —— 


943 968972 


MT Fes 15: | 


53 a 
9427-35 4) 
9427.8088 
9423-2631 
9428-7168 
9429-1701 
942946225 
943040750 
9430-5267 
9430-9779 
9431-4286 
9431-8783 
943243285 
9432-7777 
9433-2263 
9433 674% 
94341 222 
9434-5694 
9435-0162 
9435-4623 


9435 9980 


9436-3532 
9430-7979 


9437-2421] 


9437-6359 
9438.1291 
943843719 
9439-014! 
9439-4599 


9440-3380 


9983-87 
9983-8495 
9983-8952 
998347700 
9983-7348] 
9933 6643 
9983.6289 
993345936 
9983-5581 
9983-5227 
9983-4872 
998344517 
99834416 I 
9983 3805 
9983+3 449 
998343092 
9983-2734 
9983-2377 
9983 2019 
9983,1660 
9983-1301 
9983.0942| 
9983.0582 
9983-0222 
998 2.9862 
9982-9501 
9982-9140 
9992.87 78 
9932-8416 


Sn, 74 __ 


= 


19443-9985 


Tan. 15. 
9442-9883 
9443+4780 


9444-94 95 
9445-43 52 


G45 9258 
9440.4107 


9446, 8977 
9447-3843 


944943259 


9451-2602 
945 1-7 420 
9452-2246 
9452-7001 
94531872 
9453-6677] 
943 4-1 479 
94.54-6276 
9455-1069 


| —— 


9455-5857 
9456.0540 
9456-5419 
9457-0194 


9457-4964 


4 


a REESE, porn opener 


10557-OT 16| 


10556-5213 
10556-0314 
1955545421 
105590531 
195545947 
195540767 
10553-5892 
10553-1022 
10552.6155 


794 10552 1295 


10551-0439 
10551-1587 
10550,6740 


10549 7059 
10549.2226 
10545 7397 
19548-2573 
10547-7753, 
10547-2938 
10546,8128 
1054643322 
10545-58520 
10545-3725 
154008 
105 4.44 4142 
1094 3-93 99 
105 43-4580 
105 42.9805 
10542 5035 

Tan 47+ _ 


” 


13 
12 
IL 


[Oo 


=lo = vw la ow ow 


M, Fin 16, 


Zn = Tan. 16, una nfs” 
Mn] ——_ 4964] 19542.5035[E. 
| of 9440.3380| 9982-5416] 19457-4964] 1 Gol>s 
= 7784 9982,8053| [9457-9730] 10542,3269 4 
i] 9440-7704 9907z 9 $8-4421 10541.55J0s 2 
2182] 9982.7691| [94 57 
2] 9441 82,7327 [94589248] 10541.0753]?" 
441-6570] 998247327; 10540-59995 
3] 9 $2 6964, [94$9,4000 940-599 
I 5 tl Ss fan tes 
6| 9442 973% 9983.0035, 19 8231| 10539.176$153 
7 9443 4102 ht yi a 9461,2966 10539.7033|52 
8| 9443-8472] 9992-55 : 9461.7097| 10538,2302151 
9] 94442537] 9982-514 62.2423] 10537.7576|50 
: 4 9402. _—— lens bed 4 lx 
10] 94447197] 9982-477: —_— p 
——_ o 9402:7145, 10537.285 414 
ui 9445-1957] F90a4407 9463-1862 10536.8137|45 
9445-5903] 9982-4943) [94931067 6.342214 
12 | 673i [9463-957 0536.34.23 
13] 94460249] 9982,3 uy 94641285] 10535. 8715146 
14 9 440-4590 9982-3305, 9464:5989 10535.4010[45 
9.440. 927 9932-2937 oper cies aaa ——_—  _——— 
tne; horny 9982,2569| [9495-0690 10534-9310 44 
[16] 9447322) 998242569 9465-5386, 10534-4614/43 
17 9447-75 9982.2200 2466,0077| 10533.9922[42j 
9440.1999] 9982.1831 6 an6e . 
18 9448 6226 9982-1461 1946 47 Y 10933+5234 4 
13] 9449 2545 99821091] ]9466,9448 —P 5 
20} = == SSN 67.412 32.5872 
21] 9449494% 992.0721 —— 1052221088 
22 g 9468.3472 10531.6527[37 
[23] 9459-345! eg 9463.8138 I0531.1861[36 
24] Et —_ 9469,2801 105397199135] 
ol 220302] RR 9409'7459| 10530254113 
26\ 9451-6322] 9981.g963 Y 
26 9470-2112 30539 7887133 
28] 9452-4879 9g81,8117 10471-1407 10538.8592[31 | 
29 9392-9150 99381,7743 [9471.6048 10538, 951 30 
20 2352348) 99817369 PUG IDS 
| Sin. 73+ cr. oi 


—_— 


i... —— 
A 
ea 


<Þ > j-Þ> > -Þ> > -> J]-& \ 


nd > of 


"2 nem ew coac.cua iO WA A.OCUL AST 


— 


| [ _Sim. 16. 


| 


—_ ———__ 


Tan. 16. | 


—_—_— 


10528.395 x 
10527*9314 
10527.4681 
10527,C053 
10526.5425 
105 26,0807 
10525-6191 
105281579 
10524 6971 
105 24-2367 
10523 77072 
10523e31T71 
10522-8579 
10522,3991 
IO92 I-94.07; 
10521-4827'15 


10521,025C T4] 
10520.568c| 13 
10520.1112|12 
10519.6549]1* 


10519.1989'16 


9453-3428| 9981-7369] [9471:0048 
9433-7680] 9981.6995] [9472-0685 
9454-1938] 9981:6620| [9472-5318 
945 4 6192] 9981.62.45 | [19472-5947 
9455-0441 rn arid 9473-4571 
' 9455-4685] 9981:5493 [9473.9192 
9455-8925] 9981,5117| [9474-3808 
9456:3161] 998: 4740] [9474-8420 
9456-7392] 9981-4363] 194753029, 
9457-1618] 9981,3955| [9475-7633 
9457-5840 9981-3607] 19476-2233) 
945%+0058] 9981-3229] [9476.6928 
9458-4271] 9981.2850| [9477-1 420 
9458-8478] 9981.2471] [9477,6008 
9459-2083] 9981.2091| [9478.0592 
9459-6833] 9981.1711| [9479.5 172 
9460.1078] 9981.1331 9478-9747 
9460-5269] 9981.0950] 19479-4319 
9460.9456| 9981.0569|] [9479.88$7 
9461.3638] 9981.0187] [9480-3451 
9461-7816] 9980.9805] [9480.8010 
9462,19v9 9980. 9423 COT IEEE 
9462,61 58] 9980.9040] ig,81.7118 
9463.03231 9980.8657] ,9482,1666 
9463.4483| 980.8273] [0482.6209 
9463.8638] 9980-7889] [9483-0749 
946442799] 9980-7504] [9483.52.85 
9464-6937] 9980-7129 [9483.9817 
9465.1080] 9980.6734] [9484-4345 
9465-520 9980.63495 [9484.8870 
9465-9353] 9980.5963] 19485-3399 
Sin, 73-__ 


1051 8,7433 


10518,2881 
10517.3334 
1057-3799 


10516 9250 


1051644714 
10516.0182 
1051545654 
10515.1130 


10514-6609, 


Tan 73+ _ 


E 3 


'O0 = vwealagy wovlo - pw. 


0 Oy OI Or 


b- 


—— 


M| Sin, 17. TH Tan. 17: 

O| 9465-9353 57 35G 9485-3390 1051+6609'69 
1] 9466.3483 9980.5576, 94$5.7906 10514-2093'<9 
2| 94667609 9939.5189} [9486.2419] 10513-7580'58 
3| 9467.1730, 9989.4802] [9486. 6927] 10513-3072|57 
4| 9467-5347 9980-4415] [9487,1432 19512.8567]56 
s| 9467 93960 9980.4027 9437-5933 105 12-4966!55 
s 9467.4969 9982.5638| [9 488.2430 10511-9569/54 
7, 94658 8073 99803249 9438 4923! 10511.5076;53 
8; 9459.2273, 9980,25860 9488 9,12 I95112.0587152 
9 9469-6369, 9980.247- 9459. 3898} 10510 6101151 
10' 9450-0460; 9989.22989) 19489.8385] 19510161 9;50 
Is 9470-45 48; 9980-1690 9450-2858 20976426 
12 9470-8632) 9980 1299 9499-7332 10509,2668 4 
13] 9471-2710 PIIgen 9491.1802 10508.8197'47 
| 1 9471-6785] 9980-05 1 9491.6268, 10508.3731,4 
15] 94729856] 99890124 [94920731 19527 9268 
16| 9472-4922] 9979 9732 [9492.5109 $0307-49994 
17 9472-898q4| 9979 9332 1949249645 10507-0354 43 
18] -9473-3042| 9979-3945) [9493.4097, SIC 
19] 9473-7096] 9979-355] [9.493 8544] 12599-1455141 
20! 9474-1146 9979-3158 9494-2958} 105 5-7011149 
21 94745199 9979-7763) [94947428] 195042571139 
[22] 9474-9233} 9979-7368 [949511865] 19504513513 
23, 9475,3271| 9979:6973] [949536297] 195053702137] 
2414 9475-7304] 9979-6577 94960720 003039273100 
25] 9476-1333] 9979-6181] [949615152] 1£9503-4242135 
>6| 9476.5358] 9979-3783] [9495-9573] 1053-0426|3, 
27 oSog7y 997943389] [9497-3991 10502.6008|33 
[28 9477-3395] 9979-4990} 19497: 45 MM. 32 
29] 9477-7499} 9979-4593] [9498-2816] 10501,7193131 
30 9478 1419} 9979-4195] [9498-7223] 1059492777 3c 
” Sin. 72. Tan. 72. 
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— ——— u  . _ . - . . ££:. 26, ,.,.M. mam , ©@ << ce > ©#*2a a. _mgyAY$pY = —_—— OO. = why — "a a a 
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I 
Sin. 17. 

947581415 
9478.5 422 
9478-9423 
9479-3420 
9479-7412 
9480.1,401 1401 

9480.5385 


9480-9365 
9481-3342 
9481-7314 
9482. 1283 
9.482.5247 
9482 9208 
. 9483.316, 
9483.7117 
9484 1065 


9484 5010 
9484-8951 
9485-2887 


9485+ 6820 


9486.0749 
9486.4674, 
9487-2512 
9487.6 425 
9488.0335 
9485. 4240 
9488-8142 
9489+ 2039 
9439 5933 
9489 982; 


9919 41.95 
9979-3796 
9979.3397 
997942995 
9979,9598 
9979-21 9s 
99791797) 
9979-1396 
9979.-0995| 
9979-0593 


9979-0191, 


9978.7989 


9975. 9386 | 


9978.$982 
9978.8579 
9978. $174 
9978-7770 
9978-7365 
9978.6959 
997846553 
9978,6147 
9978-5741 
9970-5333 
9978-4536 
9978-4518 
9978 4110 
9978-3701 
9978-3292 
997832683 
99785247 3/ 
9978 2063 
Sin, 72. 


Ta 17. 


9498.7223 
9499. 1.1626 
9499-6025 
9500.0421 
9500-4814; 
950999202, 
9501 4044 
9501-7969 

9502" 2346, 
9502-6721. 
9503« 2091! 


9503'5 458. 
9503-9822 
950444182 
9504-8538 
9505-2891 
9505: 44 
2506,158&5 

950645928 


Foy.006 6 
(950724601 


9507-8633 
95c $.3261,| 
950847586 

9509.1906 

9506, 3022.4 

4. 10.0538 
6510.4849 
9510,9256 

9511.3460 

95 11.7760 


10489,0843 


Es - —a—w 


10501-2777 
I0500.8373 
30500-3974 
10499-9578 


10499.51$6j26 
ts Ld 


10498.6412 
10498,2030 
10497-7653 
10497.3979 
10496 8908 
10496,4541 
10496.0177 
10495.5818 
10495.1461 
10494-7109 
10494.2759 
30493,8414 
10493. 4072 
10492 9733 
10492, 5398 
10492. 3066 
10491,6735 
10491.241+4 
10499.$093, 


10490, 43775! 


10489. -9461 
10489,515c 


10458, 6539] 3 
10488. 2235 


zo 
29 
26 
27 


25| 
24 
23 


22 
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- CORRS 2m RE) IRS 6 


Tan 72. 


LISCATONS þ | YT | 
o 9459-9823! 9978,2063 9514.7760 10488-2239{69 ; 
| 5490:3709) 9978-1652 [9512-2057] 10487-7942|59 | 
2| 9490.7592] 9978.1241| [955246350] 10487-3649)5$ 
3 9491-1470 9978.0839] [9513-0649| 10486-9359;57 | 
a| 9491-5345] 9978-0143| [9513-4927] 10486-5073/56| f| 
5| 9491-9216, 9978.0995) [9513-9210 10486078955 

%. 9493-3083' 9977-9593] [951 4:3499| 10485-65 10/54 

7 9492-6946 9977-918] [9514-7766| n0485-2233153 

8! 9493-0805 9977,8760) [9515-2439] 10484-7690{52 
9g 94934661, 9977-8352] |9515-6308| 104844369151 | 
io! 9493-8513) 9977-7939) \9516.0575| 10483942450! } | 
I1 9494-2361] 9977-7523 5516-4838 10483-5162149| i 
12) 9494-6205 9977-7108] [9516.9997| 10483-0902148 

13 9498-0046] 9977-6692] '[9517+3353| 10482-6646 i 

4 9495-3882] 9977-6276 957.7000 1048242 394/46 

i<| 9495.7715] 9677-5860] [9518.1255) 10481,8144|45 

| 9496.1544| 9977" 5443 9518-610T| 104$1.3898[44] 
i7) 9496-5370] 9977 5026) 1951940344, 10480.9656/43 

13) 9496-9192] 9977'4-08 9519-4583] 10480.5416|42 

19 . 9497-3010 oP 9519.8519, 10480:1180[41 

20! 9497-6824] 9977:3772| [9529.3232, 10479-69474 

2u| 9498-0635] 9977-3353] [9529-7281 10479-27 18/39 

[22] 9498.4442| 9977-2934 9521-1597] 104788492130) | 
23| 9498.8245| 9977325 14] [9521573 10478-4269/37 

241 9499,2044, 9977-2094] (952199) — 

25] 9499.53349| 9977:167 9522:4265 10477:5833135} |}. 
6} 9499-9634] 9977-1253] [9522-3379| 10477-1620\24) | - 
27] 9500-3421] 997740832] [9523-2597] 10476-7411133 

[28] 9500-7205] 9977-0410] [9523-5793] 1047632043 

29] 9501-0987 9970.9938 95246099, T0475,9001[31 

zol 9501-4764 997649565] [9524-519 1047514901[3c 

A | Sin.m71.) OOYD.8 Tan. JM 
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7 :9509-3257 7 


7 TT 
RO 
68k 9311-9374] 
IF Yo oy bp ct 
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9523-3597] 


,9593.7352 
_ 9594.1194 


- :9397;9992 
9507-47 11 


95095850 
I FYBe! 19559 22| 


9599-6950] 


Wh 


9597-8428 
2 


_— 


{ 


9970-9143 
9975-8719 
9976-8296 
9976.7371 
9978-7442 
9979.7032 
9975-6597 
9976-6174 
9979+3745 
9979-5318 
9976-4391 
9976. 4424 
997 Pa 
9976. 43 698 


9976-2759 
9976. .23 -n 
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9820-5495 
9320,6927) 
9820 $558 
9820.9758 
9321.1217 
9321.2645 


9877 7798 
9877 6709 
9877 5601 
9877 -4501 
9877,3400 
ng 
987741198 
9877-0095 
9376,8 992 
3516 375g 


9876 6784 
997645679 
897644674 
9876,3497 
9876,2360 
9876,1253 
9976,01 45 
9875,9936 
9875,7926 
9873,6816 
9875-5705! 


9875,3481 
9375 42309] 
9875. 1255} 
9874,9027 
98747911 
987445 675 
987494551, 
Sin, "ls 


| Tan. 4) 

9939-1930 
9939-4182 
9939 6733 


{ 


9939-9284 
92.47% 18 34 
9942-4383 
9940'6935 
9940 9485 


9941*2935 
9941-4585 
9941-7134 
9942-9984 


994242233 

99 42.4782 
994247331 
9942-98791 
9943-2427 
9943-4976 
9943-7523 
9944-2071 
99442019 
9944,5160 
9944 7713 
9945-0260 
9945-2807 
945.5354 
9945-7900 
9946 ,0446 
9946.2992 


9946.8084 


\ 


9946.5 538 


10960.8359| 
10059,581% 
10:60.3266 
0050.97 16 
lo059.81 65 


10959. 304 
10059,0514 


1005345414 
1805 8.2865 


I0058.0316 


1005777661483 


10057-5217 
10037-2669 
10057.0120 
10956-7572 
10056.5024 
10256.2476 
10055-9928 


10055-7380 40 


©0955-4833 
10955 2286 
10054-9739 
19054.7192 
1005 4.4645 
19054-2299 
1005 39553 
190053.7907 
1005 3.4461 
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10939.5614135 
74 
53 
1 0058.796, 52 
JL 
50 
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42 
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47 
46 
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38 
37 
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; Jager 4 4l-_ 1 an 41 Es. 
30 9821-2045 5821-2645 9364 4561 £946 46-8084 1+ 53.1915132 
| 5821 4073] 9574 3443] [9947,0622] 19912 937.129 

| 98:1.5500| 9£74-2324| 199473175] 19952.682.,|2g 
> 0821.6925] 9<741205] [99.47.5720 13:52 42#c|, 
ge 9Y2 1.835 9874 0085 9947 8265! 109552, 1734 = 
Jz<| 9521.97744 9973:8964 99480519] 10051 g1ge|ael 
56 5822-1198] 9873-7843] 19948,3354! 19951-6645 74 
37 9822.2620 9873-60721] 19948; 5899 19051.4101]23 

[38 _ 4042] 9873e5399 9948,54.43 10C51.1556|22l 
29| 9822,5463] 9873-4475] 19949,0987, 12052.9912x 
40 Hh 6883 987 +2351] (994943531] 19050 646g[,, 
41 822.8302] 9873-2227] [9949 9949 6975' 10c50.2925[19 
a2] 9822-972 9573-1102] [9949 $6ig. 13050.1381 '$ 
431." 9823-1238] 9572-9976; (9950,116,| 10049 8837), 
44 982325543] 9872- $849 G95O. 370, 1c049.6294 6 
a5 9823-927 9270 9872: 7722) 9950, 6248 10046 Ev is 
46 9873 3385 9872. 6594) 9950, $791) 10c49 z208 L, 
47; 9823 6795) 9872-5465] [9951.2334| 20048-8666 13; 
48) 9823 $213 9872.4336; 995 1,379) oj 1004$.6123|12 
49, 9823-9625] 9872. 32a 995146418] 10048 35891 i 
50. 9824-1937 987 2. 9872-207] 9951,85 61; 19248 193910 
52, 9524 2445, 9872.0945 995241503! 1CO.47 8496 "9 
52; 73243858 9871.9813| 19952,40,0\ 10047-5955| 5 
93 93824- 5267, 987 1.5680 9952,65 85 19047, 3.413 7 
54 9824-6675 9873 1547] 19952-91 28, 10047.0871| 6 
55 98248083 9872.6413 995311669 10046.8330| 5] 
56 ys 9490 9871. 5275 9953+4211 10046 57 5789 4 
7 | 2925 0856 9071-414, [c953.6752} 1c046. -3247\ 3] 
55| 9825 2301 9874.3208] [0953.92.93 10046.4.707) 2] 
of 9825-3701 98711871] 199541833]. 1c045,8166| 3| 
© 9825-5109 $871-073, £9945274 1CO045 5625 Bu 
__ Sin. 48. | | | Tan. 48. 


_ | Tan. 4%. | DHS Ke: 
MS” nnd [= ISA, 
= 9825 5109 ES —T4 WEED oy 
"i 93256501 tits 244 eg; yh 
7 $8251772 nog 0055-1900 10044-50047 
3] 952549314 trubn, vb, 2955-4535; 10044.546450 
4 982:6,0714 ” =; 038 9985-7075! 10044-2924/55 
5 9840,21 14 ig9n a pats 1 004.4.0385 54 
6] 982643512] 9879.3 "Tm, $$ jan, 10043 7845153 
7] 9826,4910 99702755 9906. Pro 10043.5306(52 
8 9926,6307] 9870,1913, Po 10043.2766|51 
10 9826,9098 986949326 9958 s gone” 10042 2688/49 
i 9327,0493 4 ret; dt hags 10942.5 150 48 
E2 982741886 eo 9%, | 9.374 (os) I0042.2611 47 
13] 9827,3279 2292935890 HA 10042.00721|46 
nth nn] ant BD 
16] 9827.7453 93692449] —_— «| 1004132453143 
de nay Ret ner 
) 9828,0231 Ms ; «7382141 
: 9828,1619] 9868,9001| |9959.2617 -—up Away pv 
ol 9828,3026} 9868,7851| [9959.5155 _—_ CORES Lk 
21] 9828,4392] 9868.6700 9959-7692 10039.996,\38 
22 9828-5778 9868,5548 9960.033 10039.7252/37 
23] ont, 3 eg 2395  r6C-5Mg 10039.4695/36 
| . 9828,85 47 132 : 2215835 
24  9828,9930| 98682088 9960 7841 I by 
26] 9829,1312 9558,0934] (9961-0378 nent” + 
27| 982992693 $622277* a 10038.45 48/32 
28| 95294407, 7,602 w 38' 10038.2011/31 
" 9829-6823 9867,6308 |9962.0524 10037.9475|3 
_ Sin 74. Ton. 47. 


9829, "0 3211 
5329, 959 
9830,0965 
983042341 
7830,3716 
9830,5091 
9830,6464 
9830,7837 
9830,9208 


983110579 


983 1,195O 
983193319 
9831.4688 
9831, 6056 


983 147423 


9831,8-89 
9832,0154 
9832,1519 
983 2,2883 

9832 9532 4246 
983245 608 


98294! El 


9832,0970 


9832483 Z&- 
983 2,9690, 


934341049, 


983 33240% 
9933. 37 65 
983345122] 
9833647 
= 


| Tan. 42+ _ W 
986746308] 9962,0524] 199373 9475/E 
9867.5 150 150] 996243061 t 0037,69391[29 

986743992] 996245597] 1993734403 28 
98672833 9952,8133[1903741867 27 
9867,1673| 9963,0668|19036,93311* 
98670512 9963,3204 10 10 036,6695 25 

7866,0351) 9963-5740|19036,4260[24 
986648189] 9963,8275|1903641724|23 
9866,7026] 9964,0810[10035,9189 22 
9866,4698 9964 5881 1903544119 = 
9866 3534] 995438 4161003531554/12) 
9866,2368) 9965,0950| 1003419049 18, 
9866,1202 996543485] 1003446514117) 
9866 003 6 9965, 602-[1003443979 16 
9865.8868] 99654855 4/ 10034 1448 15 
9865,7700 9966, 108910033, 8910[14 
9865. 6531 9966,3623/10033,6376 13) 
9865,5362] 9966 6157100333842] © 
9865,4191 9966,8691110033,1308|2* 
9865.3021 996741225 10032,877., _ 
0865 1839) 996743759[19932,6245| 
9865,007 | 9967,6293]10032,3707 J 
B64 god 9967 48326 lOO3Z2,1 173 | 
9864 $330 9968,136 0,10031,86, 0 6| 
et 33) 9968:3893/10031;6106 Y 
9864.598 9968, 6420" LOIZ $,3573 4 
9864,4505 9968 8959,10031,1049] 3 
986.4 3629] 9949,1493' 10030, 8597] 2 
936412452] 999944929, 10030,597 z 1 
9854127 4 9963,6558; 109230. 10230 3441 c 

Tm 47 M} 


Sin. 47. 


TT Me RR |: 
| "ol - 983357933 986431274) |9969.6558] 10930,3441|6c 
7) -9833,9187 986410096] [9969,909\ 10230,0908159 
2 9834,054L. 98638917 [9970,1624 10029 $376158 
| 3 993411394 980357737 9970.4150| .10029,5843|57 
al 983433246 : 9863,6556] [9970,6689, 10029,3410156 
| 5| 983444597. ' 9863.5375 9979,9221| 10029,0778/55 
6 9834; 5947, 9863 4194 997141753 10028,8246|94 
7 983457297, 9863,3911 997144285, 10028,5714 53 
3 9834 8646 9863,1828] |9971,6317| 10028,3182/52 
9 98349994 9863,0644| [99799349 10028,065051 
to 98451341 95629659 9973,1881| 10027,811850 
TJ 9835,2687; | 986238574 8:7 2972,4413 10027,5586/ 49 
I2 923534033 935 2 7088 9972,6945] 1 10027,3055\4 K 
13 99359537%| 9862,5901 9972,9476, 10027,0523147 
14 98356722 986244714] [9973,2908| 10026,7991/46 
15. 983538065] 9862,3526 9973-4539 10026,5460 | 
16 983529403] 9862,2337\ [9973 7071 10026,2929/44 
17, 9856,0759] 9862,1143| [9973,9602, 10026,0 397 4 
18 983 6,2091] 9861,9958| [997 442133, 10025,7866,42 
19 9836,343 1] 9861,8767| [9974,4664 100254533541 
20, 9836,4770 9861,7575| [9274-7195 Ty 
[21] 9836,6109| 9861,6383| 997 4,9726 10025,0274.39 
22] 9$36,7447| 9861,5190\ |9975,2256| 10024,7743|38 
[23] 9836,8784] 9861,3996] [975,477] 10024,5212 37 
24| 9837,0120| 9861 228021 9975,7318] 10024,2682[36 
25] 983741456] 9861,1607 9975,9848| 10024,0151135 
26; » 983742790 9861,0411 997632379 10023,7621 34 
: 9837,4124| 9860,9215| [9976,4909] 10023,5090[33 
28] 983745457] 9860,8018] [99767439] 10023,2560[32 
9837,6790| 9860,6820] [9976,9969] 10023,0030]31 
30, 9837.8122] 9860,5623] [997742590] 10022,7500130 
So "Sm. 46. 2 4p" 46, 1h IM 
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983718122 


983729453 3 
983840783 
9838,2 312 
983933 441 
9835,4768 
9838,6095 
9838,7421 


$838,8747 
983940072 
9839,1396 396 
9839,2719 
93839,404 1 
983945363 
983 9,6683 
9839.8003 


9839,9323 
9840,0641 
9340,1959 
9840,3276 
9840,4592 
9849,5908 
9840,7222 


9840,8536 
9840,9849 
9841.11 62 
984 Ro 
9841,3 784 
9841 45094 
9841,6704 


984.7712 


9860,5622 
98 60,4423 
9860,3223 
6$60,2022 
9860,0821 
9859.9619 
9859,8416 
985 9,7213 
9859,6009 
93859,4804 
9859,3598 
985 9,2392 
9859,1185 
9858,9978 
9858 8769 
9858,7560 
9858,6351 
9858,5140 
$858, 3929 
985842717 


9858,1505 


935 8,025 r: 


9857-9077 
98574700 3 
985746645 | 
985735 432 
9857,4215 
9857,2997 
9357»1779 
985740560 
98 5649341 
"bin. 46. 


Tan. 43- 
9977250 
99772503 
99774750c 
9978,009c 
9978,2615 


1997, 5145 
9978,7679 


9979,0200 
9979,2735% 
9979,5207 


998022855 
9980 5385 
9980,791 4 
9310443 
9981-2972 
9981:5501 
9981,8030, 
9982,0558 
9982 982 3087, 
9982. $616. 


9983,3202 
9983,5739 
9983,8258 
9984,0787, 
9984,3315 


(9984,5843] 


9984,8371 


9979-1797]. 
[998010326] 


9982,8145 
19983,9073 


I0022,7500 
— 

10022,4907 
10022,2 440 
I0021,9910 
I 0021,7380 
10021,4850 


IC020,9791 
10920,7261' 
I10020,4732 
10020,2202 


10019,9673 
10019,7144 
10019.4615 
I 0019,2086 
10018, 29557 
10018,7027 
10018,4498 
10018,1970 
10217,94.y1' 


10317,6912 
1001744383 


10017, 1855} 
1c016,9326, 
1001646798 
1001 10016,4269 
10016, 1741 
10995.9212 


10015,6684 
10015,4156 
10015.1625 628 
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Sin 44 | Ton 44: 10015; 538 —| 
« 44 ; 
9841-7712) 9856-9341| [9984-8371 EL 
L——— 9856.812C 9985-0900 1] 0: I4 910 J9 
9341.9020 Fo = 2985-3425) 10014 6572)58 
9842.0327] 9550. — 2985-5956 10014.405357 
9842-1634 wary A 985-848. ICCT4.15151|56 
9542-2939 _ _ —_ 012, $0013,8987]58 
9424249] 2200 Joao) 10013 6460/<) 
961-1540 Poa annh) ſpot ane. reony Gag 
9842.0851 an Nees + | 10013.1,0,<2 
98 42-8154) 9 9559 556 —_ 5595 1001 28876 I 
20 nn 10012.634g)50 
9842-2750; 9955-7125] 19997:3651; "=o gh jet. 
9843.2057 9955-387 Kr re 2 
9843-3356 N04 % we Bo 1001148766 - 
| 9843-4653, 9000302 298.3761 10011.6238 5 
' 0843.59 . : ; 
| 843.7250) 955-0951] [1985 62h ort371ly 
9843.8545 9854-973c\ [998.8816 0010865007 
9843-9842 9854 849% 9989 1344 not fog 
£844.1137, 9954 Iv; [5985 as 10010.3601/41 
9844-2431] ing ns oeite Bong 100T0.1074/40 
98445017 9854-3564] 199.1453 "apy 
9844.6309| 9554-2329, 19998 3984 10009.349127 
9844-7600| 9854-1092] |9990.6507 SOS AG: a6 
9844-8891] 9853-9856{ 9990-9035 a 5" 5 
9845-0181] 9853-8618 2990205 2h mY My 
$45-1496| 9835-7380] |5991.4089] looos.gg1 
ond 98536141 9991.6616 0903." ah 35 
9845-4045] 9853-4902] [0991.9143] 10008.085 5 
9845-3332] 985393661] [9992.1670 nur F 
98 45-6618] 9853-2420] [9992.4197] 0007.5 2130 
—| Sin. 45. | / Tan. 65. 1M) 


Sin. 44 a Tn "+ s 
30] 9845-6619} 9853 242 2420, 9992-44 77 10007.5802 39. 
31] 9845.7902 9853. m8. (2998-6 6724 10-0C7.3275 29. 
32] 9845-918; 9852 9936 19992 9251, 1c0c9,59048 29 
'33 0846 04711 9852. $693 9993-1953 1COC6,S221 27, 
34| 9846-1754 9852-7439; 19993-4305} 10006 5694 26 
3 9846. 3036 9552.620, 202-0093 0006, -3167 #Y 
36 9846. 4317 9852. 4958 9993. 9359 10006,06a7 0641 24 
37] 9846 5598 9852-3712 [9994-1886; 10005.84 14 23 
38] 9846.6878| 6852-2465] [9994-4412] 10005 5589 32 
39] 9846. $157 9852-1218 999446939! 10005 3060 21 
40 584 16, 9436; 9851, $1.9969] 19994-9450! 100cs5. C533 20 
41 9847. 0713 9851. $720 99951993. 1000...3006 19 
42 9847-1991 9851,7471] (9595-452C4 10c045480 x81 
43] 9847 3267] 9851-6229] 19595.704;] 105042953 17| 
44] $847-4542; 9851-4969} [9995 9573] 10004 0426 14 
45] $847- 5817) 9851-3717] 19996. <5 10003 75s 7859 15] 
46| 9847-70910 9851-2464) [9996-5627 10003.5373 La 
47] 9847-8364] 9851,1211] 9996.73c3] 1oco03.25 46 a 
48 9847-9637] 9850.9957| 19996 968c 1C0C3, 031912 
49] 9848.cg0g| 9850. 8702 9997-2207] 10002, 7793/1 1 
_v 9848-2180 2180 9850. 7440 9997-4733] 10002.5266 10 
51 9848:3450) 9850. 6190 9957 726c\| 10002-2739, — 
$2 7 Sul 9850.4933 2997 9787 10002 TIT : 
53] 9848. es $850 3073] |9998-2312] 20001.7686, - 
54] 9848-7257] 9850-24" | 19998. _ 1000 1.515c| & 
55] 9848-8524] 9850:1157" 19998.7367 10c01.2633] « 
| 56 5848, C790 984g. "5897 9598-9893) 1©c001.010 "4 
57\ g849.1056| 9849.8636| 9999-2420} 1cc00.7579| 3 
58] 9849.2321] 98497375] [9999-4946] 10000.5053| 2 
59| 95849. 3586 9849.6113 $999. 7472 100C0,2526| 1 
60 9849. 4850 9849- 485c Ico09.00co} I©000,C00C| c 
— Sin. 45- : S466 TY, 
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Tan. 45 
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. {Gonem per ſubrraionem, & extraQionem, radicis quadra-» 


| M. 15, differentia inter ſemiſummam & bafin Gr. 4 L.15. 


| auferimus © 38853, 2484, ita reftant 19251 0314. Horum 


18, 24: & Co-finws fimianguli interni Gr. '65, Af. 1,5. 36, & 
-{proinde ratus angutus queficus eft Gr. 130, A. 3,5. 12. 


4 _— _ FY _ 
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LebTori prafiice Matheſeos fndiofo, 
8 


= AN oN noſter uſum habet, in Triangulorum ſpheci- 
VL corum ſolucione ,eundem quem tabulz Sinxuum re&to» 
|-am $& Tangentizmab alijs editz, fed praxin paulo facilio- 
cem. Nam eorum mulciplicationem per addicionem,$e divi. 


[© per bipartitionem evitamus. 
Ueki datis tribus lateribus quzcatur angulas, erix 


U: re&angulam ſub Sinibw crurum, 
ad quadratum Radjz: GS 
[:a re&angulum ſub Sinibw ſemiſumme trium lateram, 
& diffecentiz inter hanc ſemiſummam & baſin, 
ad quadratum Co-finw ſemianguli quzſiti. 


Ecin triangulo primz pagivzP ZS, (referente Polum, 
Zenith, & Sotem)) datis lateribus, Þ 5 Gr. 71.% ZP Gr. 38 
M. 30, &ZS Gr. 45, fiquzraturangulus PZS, cajus bafis 
eſt P S:ſamma lateram-eric Gr.148 M4. 30 ſemiſumma Gr.74 


Hic nos ag, pon Radij ponimus 23000, 0000 Radij | 
duplum, cui addimus 9983, 3395 Sinum Gr. 74. M. 15, 

8869 8679 Smum 'Gr. 4, M. 14, fizne 38853,2484. Dzinde' 
prore&angulo diviſore addentes 9794, 1495 Sinnm Gr. 3$ 
AM. 30. & 9808,0675 SinumG-. 49, facimas 19692, 2170, & 


ſemiſſizeſt 9625,5157 Sinw ſemianguli externt Gr. 2.4. 34. 58 


-Quod 


_ FY ES" 


— 
. 


M———_— 


| Quod fiquis pre Sinjbus auferendis addat eorum com- 
plementa ad Radium,non alia indigebit Cubcra&:iane.Vc pa» 
tere poteſt ex collatione utriuſque praxeos. 


\ 
/ 


Gr. M4. 
70 © 
338 30 979411495 205 8505 
40 © 9808 0675 191,9325 
148 30 19602,2170 
T4 15 9983,3805 9983 3805 
4 15 8869,8679 $869,8679 
20000,0009 
38853248 4 
Gr. M.S. 19251,0314 Gr. M.S 19251,0314 
24 58 24 9625,5157 65 136 9625,5157 
49 56 48 130312 


Eadem ratione, (ed majori compendio, ſolvuntur cxtera 
que quzri ſolant in criangulis ſphericis, fine ope Szcantizns 
aut Sinuwnverſorum ut pluribus non fit opus aut p1zcepris 
aut exemplis. 

Idem ft defideres in triangulis reQilineis, adjunge noſtris 
. Amiciv Collegz Henrici Brigij Logarithmos. Nam eo ni- 
timur fundamento, codem utimur operandi modo. 

Vale,v& fibzc tibi gratia faerinty ptura anobis in hoc ge» 
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The firſt thouſand Logarithmes 

now apain ſet forth by the Author Henrie 

Br iggs profeſſorof Geometrie in the Univerſity of 
Oxtord, who undertook this work at the encreacie, 


and with the approbation cfthe ficlt Invencer 


of Logarithmes, worthy of all honour, 
John Nepeir Baron of Merchijton. 


ff Reader hath here a ſhort view of choſe 30000. Lo- 
garithmes, which are now come forth in Latin, and 
hereafter in Engliſh, which will affoord us, 

The Quinteflence of the Golden rule. 

The valuation of Anuities, and thefolution of all ordi- 
nary or difficult queſtious of that kind. 

The quantitie of apy plaine Triangle, whoſe ſides are 
given, together with the altitude thereof : the Diameters 
of the Circles inſcribed and circumſccibed;and the quan- 
title of any of the Angels. 

The Diameter being givengthe circumference and Area 
of a Circle, and the Superficies and Solidicie of a Globe. 
Thequantitie of avy round Caske. 
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cubing of a Globe, the doubling or cribling of a Cube. 
And in generall, The enlarging or diminifhing of any} 
| plaine or ſolid figure, keeping che ſame form; or the tran(- 
forming it in any proportion aſligned. 

Fhe atlteration Sf eh ſides of any given plain Triangle, 
keeping the ſame Area, and the ſame Perimerer. 
The deſcription of a Peripherie,every point wherof ſha] 
from the three angles of any given Triangle, keep the di- 
flancesaccording to auy peſiible proportion aſſigned. 
Having two ſides of a right angled Triangle given, to 
finde the third: and generally all that may be found in 
all righe lined Triangles whatſoever. 
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And ſo neare as may be, the ſquaring of a Circle, the |. | 
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